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PREFACE 


The design of the present volume is to offer to the student 
commencing the subject of Chemistry, in a compact and 
inexpensive form, an outline of the general principles of that 
science, and a history of the more important among the very 
numerous bodies which Chemical Investigations have made 
known to us. The work has no pretensions to be considered 
^ complete treatise on the subject, but is intended to serve 
as an introduction to the larger and more comprehensive 
systematic works in our own language and in those of the 
Continent; and especially to prepare the student for the 
perusal of original memoirs, which, in conjunction with 
practical instruction in the laboratory, can alone afford a 
real acquaintance with the spirit of research and the resources 
of Chemical Science. 

It has been my aim throughout to render the book as 
practical as possible, by detailing, at as great length as 
the general plan permitted, many of the working processes 
of the scientific laboratory, and by exhibiting, by the aid 
of numerous wood-engravings, the most useful forms of 
apparatus, with their adjustments and methods of use. 

As one principal object was the production of a convenient 
and useful class-book for pupils attending my own lectures. 
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PREFACE. 


I have been induced to adopt in the book the plan of arrange- 
ment followed in tlie lectures tliemselvcs, and to describe the 
non-metallic elements and some of their most important 
compounds before discussing the subject of the general 
philosophy of Chemical Science, and even before describing 
the principle of the equivalent quantities, or explaining the 
use of the written symbolical language now universal among 
Chemists.^ 

I have devoted as much space as could be afforded to 
the very important subject of Organic Chemistry ; and it 
will, T believe, be found that there are but few substances 
of any general interest which have been altogctliK^r omitted, 
although the very great number of bodies to be described 
in a limited number of pages rendered it necessary to use 
as much brevity as possible. 

GEO. FOWNES. 


University College, London, 
October 5, 1847. 



PEEFACE TO THE ELEVENTH EDITION. 


The third edition of this work was nearly completed hy the 
Author shortly before his -death in January 1849, and was 
published at the beginning of the following year under the 
editorship of his friend Dr. IT. Bence Jones. 

In the six following editions, which were edited by 
Dr Bence Jones and T)r Hofmann, a large amount of new 
and important matter was added, but the general plan of 
the original work was retained, with but little alteration. 

in the tenth edition (1868), by T)r. Bence Jones and the 
present Editor, it was found necessary, in consequence of the 
rapid advance Of the scJcnce, an<l the great changes which 
had taken place in the entire system of Chemical Philosophy, 
to make considerable alterations and additions in almost 
every part of the work. 

The chapter on the General Principles of Chemical 
Philosophy was accordingly re-written. 

Considerable additions were made to the descriptions of 
the metals, especially those of rarer occurrence, several of 
which have acquired greatly increased importance by the 
more exact investigations of late years. The distinguishing 
reactions of the several metals were also given more fully 
than in former editions. • 

The greater part of the Organic (^mistry was re-written, 
especially the sections relating to the%ydrocarbons. Alcohols, 
and Acids, and the compounds belonging to each of these 
groups were arranged in series. 

The section on Animal Chemistry was entirely revisod by 
Dr. Bence Jones. 

The new Atomic Weights were introduced, and the 
Notation was altered in accordance with them. 



Viii PREFACE TO ELEVENTH EDITION. 

In the present edition, a considerable amount of -i^ew 
matter has been added, chiefly relating to Organic Chemistry ; 
and, to render this addition possible without increasing the 
size of the volume, those parts of the original section on 
Physics, which appeared not quite essential to the understand- 
ing of Chemistry, have been omitted. 

The Author’s original plan of describing the non-metallic 
elements and their compounds with one another, before 
entering upon the discussion of the general principles of 
Chemicalr Philosophy, is retained ; but a short statement 
of the most important Laws of Chemical Combination, and 
of the fundamental principles of the Atomic Theory, is 
given immediately after the description of the compounds of 
oxygen, in order to introduce the student as soon as possible 
to the expression of chemical combinations and reactions by 
Symbolic ISTotation. By this arrangement the formulae relat- 
ing to the compounds above mentioned can be at once intro- 
duced into the text, instead of being thrown into foot notes, 
as in the previous editions. 

In the section on Organic Chemistry, or the Chemistry of 
Carbon-compounds, the same general arrangement is followed 
as in the last edition, excepting that these compounds 
are divided into the two great groups, called Fatty and 
Aromatic. The description of the compounds of the 
latter group, which at present occupy a large share of the 
attention of Chemists, has been in great part re-written. 

The section on Animal Chemistry remains as in the last 
edition, with the exception of a slight alteration of arrange- 
ment in the description of the Albuminous Principles. 

The Weights and Measures used are those of the French 
Decimal System. Temperatures are expressed in the Centi- 
grade Scale, except where the contrary is stated. A com- 
parative Table of the Centigrade and Fahrenlieit Scales is 
given at the end of theTolume. 

HENRY WATTS. 


London, NovemAer 1872. 
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MANUAL OF CHEMISTRY? 


INTEODUCTION. 

The Science of Chemistry has for its object the study of the nature 
and properties of all the materials which enter into the composi- 
tion or structure of the earth, the sea, and the air, and of the 
various oj^anised or living l^eings which inhabit them. Every 
object accessible to man is thus embraced by the wide circle of 
Chemical Science. 

The highest efforts of Chemistry are constantly directed to the 
discovery of the general laws or rules which regulate the forma- 
tion of chemical compounds, and determine the action of one 
substance upon another. These laws are deduced from careful 
observation and comparison of the properties and relations of vast 
numbers of individual substances ; and by this method alone. 
The science is entirely experimental, and aU its conclusions the 
results of skilful and systematic experimental investigation. 

The applications of the discoveries of Chemistiy to the arts of 
life, and to the relief of human suffering in disease, are, in the 
present state of the science, both very numerous and veiy im- 
portant, and encourage the hope of still greater benefits from more 
extended knowledge. 

In ordinary scientific speech the term chemical is applied to 
changes which permanently affect the properties or characters of 
bodies, in opposition to effects termed physical, which are not 
attended by such consequences. Changes of decomposition or 
combination are thus easily distinguished from those temporarily 
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‘brought about by heat, electricity, magnetism, and the attract^e 
forces, wh98e laws and effects lie within the province of Ph/sics 
or Natural Philosophy. 

Nearly all the objects presented by the visible world are of a 
compound nature, being chemical compounds, or variously disposed 
mixtures of chemical compounds, capable of being resolved into 
simpler forma of matter. Thus, a piece of limestone or marble, 
by the application of a red heat, is decomposed into quicklime and 
a gaseous body, carbon dioxide. Both lime and carbon dioxide 
are in fflfeir turn susceptible of decomposition, the former into a 
metal, calcium and oxygen, and the latter into carbon and oxygen. 
Pot this purpose, ho>vever, simple heat does not suffice, the resolu- 
tion of these substances into their components demanding the 
exertion of a high degree of chemical energy. Beyond this second 
step of decomposition the efforts of Chemistry have hitherto been 
found to fail ; and the three bodies, calcium, carbon, and oxygen, 
having insisted all attempts to resolve them into simpler forms of 
matter, a^ accoixUngly admitted into the hst of elements; not 
from an absolute belief in their real oneness of nature, but from the 
absence of any evidence that they contain more than one descrip- 
tion of matter, 

The partial study of certain branches of Physical Science, as the 
physical constitution of gases, the chief phenomena of heat and 
electricity, and a few other subjects, forms so indispensable an 
introduction to Chemistry itself, that it is rarely omitted in the 
usual courses of oral instruction. A sketch of these subjects is, in 
accordance with these views, placed at the conimencement of the 
present volume. 



PAET I. -PHYSICS. 


OF DENSITY AND SPECIFIC GRAVITY. 

It h -reat importance at the outset to understand clearly what 
is meant hy the terms density and specific gravity. By the density 
of a body is meant its mass^ or quantity of matter^ compared with 
the mass or quantity of matter oi an equal volume of some standard 
body, arbitrarily chosen. Specific gravity denotes the weight of a 
body, as compared with the weight of an equal bulk, or volume, 
of the standard body, which is reckoned as unity.* In aU cases 
of solids and liipiids the standard of unity adopted in this country 
is pure water at the temperature of 15*5° C. (60° Fahr.) Any- 
thing else might have been chosen ; there is nothing in water to 
render its adoption for the purpose mentioned indispensable ; it is 
simply taken for the sake of convenience, being always at hand, 
and easily obtained in a state of perfect purity. An ordinary 
expression of specific weight, therefore, is a number explaining 
how many times the weight of an equal bulk of water is contained 
in the weight of the substance spoken of. If, for example, we say 
that concentrated oil of vitriol has a specific gravity equal to 1*86, 
or that perfectly pure alcohol has a density of 0*794 at 15*5° C., 
we mean that equal bulks of these two liquids and of distilled 
water possess weights in the proportion of the numbers 1 *85, 0*794, 
and 1 ; or 1850, 794, and 1000, It is necessary to be particular 
about the temperature, for, as will be hereafter shown, liquids are 
extremely expansible by heat ; otherwise a constant bulk of the 
same liquid will not retain a constant weight. It will be proper 
to begin with the description of the mode in wliich the specific 
gravity of liquids is determined : this is the simplest case, and the 
one which best illustrates the general principle. 

To find the specific gravity of any particular liquid compared 

♦ In otlier words, density means comparative mass, and specific gravity 
These expressions, although ieally’ reJafln^iolS sting^ 
Ihlhgs^afe dileh used quite indifferently in chemical writings, anu without 
Praetfcal inconvenience, since mass and weight are directly proportional to 
each other. 
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with that of water, it is only requisite to weigh equal bulks at tjite 
standa^ ten^rature, and then divide the weight of the liquidity 
the weight oi the water ; the quotient will be greater or less than 
unity, as the liquid experimented on is heavier or lighter than 
water. Now, to weigh equal bulks of two fluids, the simplest and 
best method is clearly to weigh them in succession in the same 
vessel, taking care that it is equally full on both occasions. 

A thin glass bottle, or flask, with a narrow neck, is procured, of 
the form represented below (fig. 1), and of such capacity as to con- 
tain, when^ filled to about naif-way up the neck, exactly 1000 
S^^lus o:J^^^istilled water at 15*5® C. A counterpoise of the exact 



weight of the empty bottle is made from a bit of brass, an old 
weight, or sometliing of the kind, and carefuUy adjusted by filing. 
The bottle is then graduated, by introducing water at 16 ’6% until 
it exactly balances the lOOO-grain weight and counterpoise in the 
opposite scale ; the heiglit at which the water stands in the neck 
is marked by a scratch, and the instrument is complete for use. 
The li^fuid to be examined is brought to the temperature at 16 '6°, 
and with it the bottle is filled up to the mark before mentioned ; 
it is then weighed, the counteipoise being used as before^ and the 
specific gravity directly ascertained. 
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\l watery liquid in a narrow glass tube always presents a curved 
surface, from the molecular action of the glass, the concavity being 
upwards. It is better, on this account, in graduating the bottle, 
to make two scratches, as represented in the figure, one at the top 
and the other at the bottom of the curve. The marks are easily 
made by a fine, sharp, triangular file, the hard point of which, 
also, it may be observed, answers perfectly well for writing upon 
glass, in the absence of a proper diamond pencil. 

It will be quite obvious that the adoption of a flask holding 
exactly 1000 grains of water has no other object than to save the 
trouble of a very trifling calculation ; any other quantify would 
answer just as well, and, in fact, the experimental chemist is 
often compelled to use a bottle of much smaller dimensions, from 
scarcity oi the liquid to be examined. 

r^ien the specific gravity of a liquid is to be determined with 
great accuracy, a case vdiich frequently occurs in chemical inquiries, 
a little glass bottle is used, of the form shown in fig. 2. This 
bottle is provided with a perforated conical glass stopper, most 
accurately fitted by grinding. By completely filling tne bottle 
with liquid, and carefully removing the portion of liquid which 
is displaced when the stopper is inserted, an unalterable measure 
is obtained. The least j>ossible quantity of grease aj^plied to the 
stcmper greatly promotes the exact fitting. 

When the chemist has only a very small quantity of 3* 
iPfluid at his disposal, and wishes not to lose it, the 
little glass vessel (fig. 3) is particularly useful. It is 
formed by blowing a bulb on a glass tube. On that 
portion of the tube which is narrowed by drawing the 
tube out over a lamp, a fine scratch is made with a 
diamond. The hulb is filled up to this mark with 
the liquid whilst it stands in water, the temperature of 
which is exactly known. A very fine funnel is used 
for filling the l)ulb, the stem of the funnel being 
drawn out so as to enter the tube, and the upper 
opening of the fimnel being small enough to he closed 
by the finger. The glass stopper is only wanted as a 
guard, and does not require to fit perfectly. 

The determination ol the specific gravity of a solid 
body is made according to the same principles, and 
may be performed with the specific-gravity bottle 
(fig. 2). The bottle is first weighed full of water ; 
the soUd is then placed in the same pan of the balance, and its 
weight is determined; finally, the solid is put into the bottle, 
dis^acing an equal bulk of water, the weight of which is deter- 
mined by the loss on again weighing. Thus the weights of the 
solid and that of an equal bulk of water are obtained. The for- 
mer divided by the latter gives the specific gravity. 
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For example, the weight of a small piece of - 

silver wire was found to be . . . . 98*18 grains. 

Glass bottle filled with water .... 294*69 „ 

392*87 „ 

After an equal volume of water was displaced by 

the silver, the weight was .... 383*54 „ 

Hence the displaced water weighed . . . 9*33 „ 

From this the specific gravity of the ^ 98*18 _ 

sili^ wire J ^*33 ” 

Another highly ingenious, but less exact method of determining 
the specific gravity of solids, is based on the well-known theorem 
of Archimedes. 

This theorem may be thus expressed : 

When a solid is immersed in a fluid, it loses a portion of its 
weight ; and this portion is equal to the weight of the fluid 
which it displaces ; that is, to the weight of its own bulk 
of that fluid. 

It is easy to give experimental proof of this very important pro- 
position, as well as to establish it by reasoning. 
Fig. 4. Figure 4 represents a little apparatus for the 

former purpose. This consists of a thin cylili- 
drical vessel of brass, into the interior of which 
fits very accurately a solid cylinder of the same 
metal, thus exactly filling it. When the cylin- 
der is suspended beneath the bucket, as seen in 
the sketch, the whole hung from the arm of a 
balance and counteri>oised, and then the cylin- 
der itself immersed in water, it will be found to 
have lost a certain weight ; and that this loss is 
precisely equal to the weight of an eaual bulk 
of water, may then be proved by filling the 
bucket to the brim, whereupon the equilibrium 
will be restored. 

The consideration of the great hydrostatic law 
of fluid pressure easily proves the truth of the 
principle laid down. Let the reader figure to 
himself a vessel of water, having immersed in 
it a solid cylindrical or rectangular body, and so 
adjusted with respect to density, that it shall 
float indifferently m any part beneath the sur- 
face (fig 5). 

Now the law of fluid pressure is to this effect : 
The pressure exerted by a fluid on any* point of the containing 
vessel, or on any point of a body immersea beneath its surface, is 
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d^jpendent, firstly, upon the density of the fluid, and, secondly, 
u^n the vertical depth of the p(ynt in ques- 
tion below the surface. It is independent of 
the form and lateral dimensions of the vessel 
or immersed body. Moreover, owing to the 
peculiar physical constitution of flmds, this 
pressure is exerted in every direction, up- 
wards, downwards, and latemly, with equal 
fore 

T he loating body is in a state of equili- 
brium therefore the pressure downwards 
can>r by its gravitation must be exactly 
compensated by the upward transmitted 
pressure of the column of water a, 6. But 
this pressure downwards is obviously equal to the weight of an 
ecpial quantity of water, since the body of necessity displaces its 
own bulk. Hence the weight which a body loses when immersed 
in, or floated on water, is equal to the weight of the volume of 
water displaced by that body. 

Whatever be the density of the substance, it will be buoyed up 
to this amount ; in the case supposed, the buoyancy is equal to 
the whole weight of the body, which is thus, while in the water, 
reduced to nothing. 

A little reflection will show that the same 
reasoning may be applied to a body of irregu- 
lar form ; besides, a solid of any figure may be 
divided by the imagination into a multitucle of 
little perpendicular prisms or cylinders, to each 
of which the argument may be applied. What 
is true of each individually must necessarily be 
true of the whole together. 

This is the fundamental principle ; its appli- 
cation is made in the following manner : Let 
it be required, for example, to know the specific 
gravity of a body of extremely irregular form, 
as a small group of rock crystals : the first part 
of the ojperation consists in determining its abso- 
lute weight, or, more correctly speaking, its 
weight in air ; it is next suspended from tlws 
balance-pan by a fine horsehair, immersed com- 
pletely in pure water at 15 ’5®, and again 
weighed. It now weighs less, the difference 
being the weight of the water it displaces, that 
is, the weight of an equal bulk. This being known, nothing 
more is required than to find, by division, how many times the 
latter number is contained in the former ; the quotient will be the 
density, water, at the temperature of 15*5®, being taken = 1. For 
example : — 





8 


DENSITY AND SPECIFIC GRAVITY. 


The quartz-crystals weigh in air . . . . 293-7 graij^. 

When immersed in water, they weigh . . . 18()-1 „ 

Difference, being the weight of an equal volume of 

water 113*6 „ 


2 93*7 

113*6 


= 2*59, the specific gravity required. 


The rule is generally thus written : Divide the weight in air 
by the loss of weight in water, and the quotient will be the spec ific 
gravity.”^ In reality it is not tlie weight in air which is reciuired, 
but the weight the body would have in empty space : the error 
introduced, namely, the weight of an equal bulk of air, is so 
trifling, that it is usually neglected. 

Sometimes the body to be examined is lighter than water, and 
floats. In this case, it is first weighed, and afteiwards attached to 
a piece of metal heavy enough to sink it, and suspended from the 
biuance. The whole is then exactly weighed, immersed in water, 
and again weighed. The difference between the two weighings 
gives the weight of a quantity of water etjual in bulk to both to- 
gether. The light substance is then detached, and the same opera- 
tion of weighing in air, and again in water, repeated on the piece 
of metal. These data give the means of finding the specific 
gravity, as will be at once seen by the following example : — ^ 


Light substance (a piece of wax) weighs in air . 

133-7 

grains^ 

Attached to a piece of brass, the whole now 
weighs 

183-7 

99 

Immersed in water, the system weighs 

38-8 

99 

"Weight of water eqtial in bulk to brass and wax 

144-9 

99 

Weight of brass in air 

60-0 

,, 

Weight of brass in water . 

44-4 

99 

Weight of equal bulk of water . 

6-6 

99 

Bulk of water equal to wax and brass 

144-9 


Bulk of water equal to brass alone 

6-6 

99 

Bulk of water equal to wax alone 

139-3 



\s;i -0^ 


In all snch experiments, it is necessary to pay attention to the 
temperature and purity of the water, and to remove with great 
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cj^e all adhering air-lmbbles otherwise a false result will be 
obtained. 

Other cases require mention in which these operations must be 
modified to meet ]»articular difficulties. One of these happens 
when the substance is dissolved or acted upon by water. The 
difficulty is easily overcome by substituting some other liquid of 
known density wdii<*h experience shows is without action. Alco- 
hol or oil of tur])entine may generally be used when water is 
inadmissible. Huj)|>oHe, for instance, the specific ^avity of crys- 
tallised sugar is recniired, «we procee<l in the following way : — The 
si^ecific gravity of tlie oil of tuiqientine is first carefully de^eimined ; 
let it be 0*87 ; th^ sugar is next weighed in the air, then suspended 
by a horsehair, an<l weighed in the oil ; the difference is the 
weight of an equal bulk of the latter ; a simple calculation gives 
tlie weight of a cori esponding volume of water : — 

Weight of sugar in air . . . . 400 grains. 

Weight of sugar in oil of turpentine . . 182*5 „ 


Weight of equal bulk of oil of turpentine 217*5 
87 : 100 = 217-5 : 260, 


the weight of an equal bulk of water : hence the specific gravity 
of the sugar, — 


400 

250 “” 


1 - 6 . 


If the substance to be examined consists of small pieces, or of 
powder, the method first described, namely, that of the specific 
gravity bottle, can alone be used. 

By this method the specific gravities of metals in powder, me- 
tallic oxides, and other compoimds, and salts of all descriptions, 
may be determined with great ease. Oil of turpentine may be 
used with most soluble salts. The crystals should be crushed or 
roughly powdered to avoid errors arising from cavities in their 
substance. 

The specific gravity of a solid can also be readily foimd by im- 
mersing it in a transparent liquid, the density of which has been 
so adjusted that the solid body remains indifferently at whatever 
deptn it may be placed. The specific gravity*of the liquid must 
now be determined, and it will, of course, be the same as that of 
the solid. It is necessaiy that the liquid chosen for this experi- 
ment do not dissolve or in any way act upon the solid. Solutions 
of mercuric nitrate, or corrosive sublimate, can be used for bodies 

* A simple plan of avoiding altogether the adhesion of air-bubles, which 
often are not easily perceived, con^sts in heating the water to ebullition, 
introducing the body which has been weighed in the air into the still boil- 
ing water, which is then allowed to cool to 15 * 5 % when the second weighing 
is performed. 
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heavier than water, wliilst certain oils, and essences, and mixtuij^ 
of alcohol and water, can be conveniently employed for such sub- 
stances as have a lower specific gravity than water. This method 
is not only adajpted to the exact determination of specific gravities, 
but also serves in many cases as a means of readily distinguishing 
substances much resembling one another. Suppose, for instance, 
a solution of mercuric nitrate to have a specific gravity 3 ; a red 
amethyst (2*67) will then float upon, and a toj)az of the same 
colour (3*55) will sink in this liquid. 

The theorem of Archimedes affords the key to the general 
doctrine the equilibriiun of floating bodies, of which an applica- 
tion is mime in the common hydrometer, — an instrument for finding 
the specific gravities of liquids in a very easy and expeditious manner. 

When a solid body is placed upon the surface of a liquid sjjcci- 
fically heavier than itself, it sinks down until it dis- 


places a quantity of liquid equal to its own weight, at 
which point it floats. Thus, in the case of a subsiance 


Thus, in the case of a subsiance 


f floating in water, whose specific weight is one-half that 

L ^ liquid, the position of equilibrium will involve 

the immersion of exactly one-half of the body, inas- 
much as its whole weight is counterpoised by a quan- 
water equal to half its volume. If the same 
>5^ body were put into a liquid of one-half the specific 
gravity of water, if such could be found, it M’^ould then 
sink beneath the surface, and remain indifferently in any part. Ajik, 
floating body of known specific gravity may thus be used as an 
indicator of tlie specific gravity of a liquid. In this manner little 
glass beads (fig. 7) of known specific gravities 


Yig. 8. are sometimes employed in the arts to ascer- 

tain in a rude manner the specific gravity of 
^ ^ liquids ; the one that floats indifferently be- 

T\ neath the surface, without either sinking or 

rising, has of course the same specific gravity 
!|lli|||jj l| as the liquid itself; this is pointed out by the 
number marked upon the bead. 

I j The hydrometer (fig. 8) in general use con- 

j 1 sists of a floating vessel of thin metal or ^lass, 

( 1 1 having a weight beneath to maintain it m an 

I I • upright position, and a stem above bearing a 
||j divided scale. The use of the instrument is 

J\ /! very simple. ’The liquid to be tried is put 

i J into a small narrow jar, and the instrument 

j floated in it. It is obvious that the denser 
Q the liquid, the higher will the hydrometer 

float, because a smaller displacement of liquid 
will counterbalance its weight. For the same 
reason, in a liquid of less density, it sinks 
deeper. The hydrometer comes to rest almost immediately, 
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ftnd then the mark on the stem at the fluid-level may he read 
off. 

Verj^ extensive use is made of instruments of this kind in the 
arts : they sometimes bear different names, according to the kind 
of liquid for which they are intended; but the principle is the 
same in all The graduation is very commonly arbitrary, two or 
three different scales being unioiijunately used. These may be 
sometimes reduced, however, to the true numbers expressing the 
specific gravity by the aid of tables of comjjarison drawn up for 
the purpose. {See Appendix.) Tables are likewise used to reduce 
the rea(lings of the hydrometer at any temperature to .^iose of tlie 
normal temperat'tire. 

It is much better, however, to use a hydrometer having the true ^ 
scale of specific gravities marked upon its stem. To graduate such 
an instrument, a sufficient number of standard points may be 
determined by immersing it in litjuids of known specific gravity, 
and the small intervals between these points divided into equal 
parts,* 

The detennination of the s])ecific gravity of gases and vapours of 
volatile liquids is a problem of very great practical impoitance to 
the chemist: the theory of the operation is as simple as when 
liquids themselves are concerned, but the processes are much more 
delicate, and involve besides certain corrections for differences of 
^ temperature and pressure, founded on principles yet to be dis- 
cussed. It will be proj^er to defer the consideration of these 
matters for the present. 

* For an accurate method of dividing the hydrometer scale when only a 
few points are determined by actual observation, see the article ^'Hydro- 
meter/' by Professor Jevons, in Watts s Dictionary of Chemistry, vol. iii., 
p. 20G. 
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OF THE PHYSICAL CONSTITUTION OF THE ATMOSPHERE, 
AND OF GASES IN GENERAL. 

It requires some little abstraction of mind to realise completely 
the condition in which all things at the surface of the earth exist. 
We live at the bottom of an immense ocean of gaseous matter, 
which envelopes everything, and presses upon everything with a 
force which appears, at first sight, perfectly incredible, but whose 
actual amount admits of easy proof. 

Gravity being, so far as is known, common to all matter, it is 
natural to expect that gases, being material substances, should be 
acted upon by the earth^s attraction, as well as solids and liquids. 
This is really the case, and the result is the weight or pressure of 
the atmosphere, which is nothing more than the effect of the 
attraction of the earth on the particles of air. 

Before describing the leading phenomena of the atmospheric 
pressure, it is necessary to notice one very remarkable feature in 
the physical constitution of gases, upon which depends the prin- 
ciple of the air-pump. 

Gases are in the highest degree elastic ; the volume or space 
which a gas occupies depends upon the pressure exerted upon it. 

Let the reader imagine a cylinder, a, 
closed at the bottom, in which moves 
a piston air-tight, so that no air can 
escape between the piston and the 
cylinder. Suppose now the piston be 
pressed downwards with a certain 
force ; the air beneath it will be com- 
pressed into a smaller bulk, the amount 
of this compression depending on the 
force applied ; if the power be suffi- 
cient, the bulk of the gas may be thus 
111 j jjj diminished to one hundredth part or 
|i 1 I li! less. When the pressure is removed, 
the elasticity or tension^ as it is called, 

' of the included air or gas, will imme- 

diately force up the piston until it 
arrives at its first position. 

^ Again, take fig. 9, ft, and suppose the 

piston to stand about the middle of 
the cylinder, having air beneath in its usual state. If the piston 
be now drawn upwards, the air below will expand, so as to fill 
completely the increased space, and this to an apparently unJimited 
extent. A volume of air, which, under ordinary circumstances, 
occupies the bulk of a cubic inch, might, by the removal of the 
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pressure upon it, be made to expand to the capacity of a whole 
room, while a renewal of the former pressure would be attended 
by a shrinking down of the air to its former bulk. The smallest 
portion of gas introduced into a large exhausted vessel becomes at 
once diffused through the whole space, an equal quantity being 
present in every part ; the vessel is full although the gas is in a 
state of extreme tenuity. This * ower of expansion which air pos- 
sesses may have, and probably has, in reality, a limit; but the 
limit is never reached in practice. We are quite safe in the 
assumption, that for aU purposes of experiment, however refined, 
air is perfectly elastic. 

It is usual to assign a reason for this indefinite expansibility by 
ascribing to the particles of material bodies, when in a gaseous , 



state, a self-repulsive agency. This statement is commonly made 
somewhat in this manner ; matter is under the influence of two 
op23osite forces, one of which tends to draw the j)artic]es together, 
the other to separate them. By the preponderance of one or 
other of these forces, we have the three states called solid, liquid, 
and gaseous. When the particles of matter, in consequence of 
the direction and strength of their mutual attractions, possess only 
a very slight power of motion, a solid substance results ; when 
the forces are nearly balanced, we have a liquid, the particles of 
which in the interior of the mass are free to move, but yet to a 
certain extent are held together ; and, lastly, when the attractive 
I)ower seems to be completely overcome by its antagonist, we have 
a gas or vapour. 

various names are applied to these forces, and various ideas 
entertained concerning them : the attractive forces bear the name 
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of cohesion when they are exerted between particles of matter 
separated by an iimneasiirably small interval, and gravitation 
when the distance is great. The repulsive principle is often 
thought to be identical with the principle of heat. We shall 
return to this subject in discussing the dynamical theory of 
heat. 

The ordinary air-pump, shown in section in fig. 10, consists 
essentially of a metallic cylinder, in which moves a tightly fitting 
piston, by the aid of its rod. The bottom of the cylinder com- 
municates with the vessel to be exhausted, and is furnished with 
a valve opening upwards. A similar valve, also opening upwards, 
is fitted the piston : these valves are made with slips of oiled 
silk. When the piston is raised from the bottom of the cylinder, 



the space left beneath it must be void of air, since the piston- 
valve opens only in one direction ; the air within the receiver 
having on that side nothing to oppose its elastic power but the 
weight of the little valve, lifts the latter, and escapes into the 
cvlinder. So soon as the piston begins to descend, the lower valve 
closes, by its own weight, or by the transmitted pressure from 
above, and communication with the receiver is cut ofiF. As the 
descent of the piston continues, the air enclosed in the cylinder 
becomes compressed, its elasticity is increased, and at length it 
forces open the upper valve, and escapes into the atmosphere. In 
this manner a cylinder full of air is removed from the receiver 
at every stroke of the pump. During the descent of the piston, the 
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upper valve remains open, and the lower closed, and the reverse 
during the opposite movement. 

In practice, it is very convenient to have two such barrels or 
cylinders, arranged side by side, the piston-rods of which are 
formed into racks, having a pinion or small-toothed wheel between 
them, moved by a winch. By this contrivance the operation of 
exhaustion is much facilitated, and the labour lessened. The 
arrangement is shown in fig. 11, on the preceding pa^e. 

To return to the atmosphere. Air possesses weight ; a light 
flask or ^lobe of glass, furnished with a stop-cock and exhausted 
by the air-pump, weighs considerably less than when full of air. 
if the capacity of the vessel be equal to 100 cubic 
inches, this difference may amount to nearly 30 grains. Fig. 12- 

After what has been said on the subject of fluid pres- 
sure, it will scarcely be necessary to observe that the 
law of equality of pressure in all directions also holds 
good in the case of the atmosphere. The perfect mobi- 
Miy of the particles of air permits the transmission of 
the force generated by their gravity. The sides and 
bottom of an exhausted vessel are pressed upon with 
[IS much force as the top. 

If a glass tube of considerable length could be per- 
fectly exhausted of air, and then held in an upright 
position, with one of its ends dipping into a vessel of 
liquid, the latter, on being allowed access to the tube, 
ivould rise in its interior until the weight of the 
column balanced the pressure of the air upon the 
surface of the liquid. Now, if the density of this 
liquid were known, and the height and area of the 
column measured, means would be furnished for exactly 
estimating the amount of pressure exerted by the atmo- 
sphere. Such an instrument is the barometer. To 
construct it, a straight glass tube, 36 inches long, is 
se^aled by the blowpipe flame at one end ; it is then filled 
with clean, dry mercury, care being taken to displace all 
air-bubbles, the open end stopped with a finger, and the 
tube inverted in a basin of mercury. On removing the 
finger, the mercury falls away from the top of the tube, 

• until it stands at the height o^ about 30 inches above tlie 
level of that in the basin. Here it remains supported 
by, and balancing the atmospheric pressure, the space 
above the mercury in the tube being of necessity empty. 

The pressure of the atmosphere is thus seen to be 
capable of sustaining a column of mercury 30 inches in 
height, or thereabouts. Now such a column, having an 
area of 1 inch, weighs between 14 and 15 lbs. ; conse- 
quently such must be the amoimt of the pressure exerted upon 
every square inch of the surface of the earth, and of the objects 
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situBted theTOon, at least near the level of the sea. This enor- 
mous force is home without inconvenience by the animal frame, 
by reason of its perfect uniformity in every direc- 
Fig. 13 . tion ; and it may be doubled, or even tripled, 

^ without injury. 

It a barometer may be constructed with other 

;; liquids besides mercury ; but, as the height of the 

column must always bear an inverse proportion 
I to the density of the liquid, the length of tube 

I required will be often considerable ; in the case 

H of water it will exceed 33 feet. It is seldom 

* that any other liquid than mercury is employed 

i I in the construction of this instrument. The 

~ I Royal Society of London possessed a water ba- 

- rometer at their apartments at Somerset House, 

;;;; i Its construction was attended with great diffi- 

14^ 1 I culties, and it was found impossible to keep it 

I I I in repair. 

I It will now be necessary to consider a most 

. important law which connects the volume occu- 

I I pied by a gas with the pressure made upon it, 

I I and is thus expressed : — 

f The volimie of gas is inversely as the pressure ; 

- I the density and elastic force are directly as 

I I the pressure, and inversely as the volume. 

;; \ For instance, 100 cubic inches of gas under^ 

- I a pressure of 30 inches of mercury would ex- 

I I paiid to 200 cubic inches were the pressure re- 

I duced to one-half, and shrink, on the contrary, 

- \ to 50 cubic inches if the original pressure were 

I I doubled. The change of density must neces- 

I i sarily be in the inverse proportion to that of 

I the volume, and the elastic force follows the 

f i same rule. 

(19 - I This, which is usually called the law of Ma- 

3 I riotte, though really discovered by Boyle (1661), 

- « - 1 is easily demonstrable by direct experiment. A 

I I glass tube, about 7 feet long, is closed at one 

- I I end, and bent into the form represented in 

I I I fig. 13, the open limb of the syphon being the 

/ .| ohJM 11 longer. It is next attached to a board fur- 
/ y ^ nished with a moveable scale of inches, and 

/ - enough mercury is introduced to fill the bend, 

* — — the kvel being evenly adjusted, and marked 

upon the board. Mercury is now poured into the tube until the 
enclosed air is reduced to one-half of its former volume ; and on 
applying the scale, it will be found that the level of the mercury 
in the open part of the tube stands very nearly 30 inches above 
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that in the closed poition. The pressoie of an additional “ atmo- 
sphere” has consequently reduced the bulk of the contained air 
to one-ha]£ If tne experiment he still continued until the 
volume of air is reduced to a third, it will he found that the 
column measures 60 inches, and so in like proportion as far as the 
experiment is carried. 

The above instrument is better adapted for illustration of the 
principle than for furnishing rigorous proof of the law. This 
has, however, been done. MM. Arago and Dulong published, in 
the year 1830, an account of certain expeiiments made by them 
in Paris, in which the law in question had been .verified to the 
extent of twenty-seven atmospheres. With rarefied air also, of 
whatever degree oPrarefaction, the law has been found true. 

All gases are alike subject to this law, and all vapours of 
vol..tii" liquids, when remote from their points of liquefaction.* 
It is a matter of the greatest importance in practical chemistry, 
since it gives the means of making corrections for pressure, or 
determining by calculation the change of volume which a gas 
would suffer by any given change of external pressure. 

Let it be required, for example, to solve the following problem : 
We have 100 cubic inches of gas in a graduated jar, the barometer 
standing at 29 inches; how many cubic inches will it occupy 
when the column rises to 30 inches 1 Now the volume must w 
inversely as the pres8ru:e : consequently a change of pressure in 
the proportion of 29 to 30 must be accompanied by a change of 
t Volume in the proportion of 30 to 29, the 30 cubic inches of gas 
contracting to 29 cubic inches under the conditions imagined. 
Hence the answer — 

30 ; 29 = 100 : 96*67 cubic inches. 

The reverse of the operation will be obvious. The pupil will do 
well to familiarise'himseK with the simple calculations of correc- 
tion for pressure. 

* Near the liquefying point the law no longer holds ; the volume 
diminishes more rapidly than the theory indicates, a smaller amount of 
pressure being then sufficient. 
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HEAT. 

It will be convenient to consider the subject of heat under seve- 
ral sections, and in the following order : — 

1* Expansion of bodies, or effects of variations of temperature in 
altering their dimensions. 

2. Conduction, or transmission of heat. 

3. Specific heat. 

4. Change of state. 

5. Sources of heat. 

6. Dynamical theory of heat. 

EXPANSION. 

If a bar of metal of such magnitude as to fit accurately to a 
gauge, when cold, be heated considerably, and again applied to the 
gauge, it will be found to have become enlarged in all its dimen- 
sions. ^ When cold, it will once more enter the gauge. 

Again, if a quantity of liquid contained in a glass bulb fur- 
nished with a narrow neck, be plunged into hot water, or exposed 

Fig. 14. 





Fig. 15. Fig, 16. 



to any other source of heat, the liquid will mount in the stem, 
showing that its volume has been increased. The bulb, however, 
has likewise expanded by the heat, and its capacity has conse- 
q^uently been augmented. The rise of the liquid in the tube, 
therefore, denotes the difference between these two expansions. 

Or, if a portion of air be confined in any vessel, the application 
of a slight degree of heat will suflSce to make it occupy a space 
sensibly larger. 

This most general of all the effects of heat furnishes in the outset 
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a principle^ by the aid of which an insinunent can be constructed 
capable of talung cognizance of changes of temperatu^ in a man* 
ner equally accurate and convenient: such an instrument is the 
thermometer. 

A capillary glass tube is chosei^ of uniform diameter : one ex* 
tremitjr is closed and expanded into a bulb, by the aid of the 
blowpipe flame, and the other somewhat drawn out, and left open. 
The bulb is now cautiously heated by a spirit-lamp, and the open 
extremity plunged into a vessel of mercuiy, a portion of which 
rises into the bmb when the -latter cools, replacing the air which 
had been expanded and driven out by the heat. By again apply- 
ing the flame, and causing this mercury to boil, the remainder of 
the air is easily expelled, and the whole space filled with mercu- 
rial vapour. The open end of the tube must now be immediately 
plunged into the vessel filled with mercury. As the metallic vapours 
condense, the pressure of the external air forces the liquid metal 
into the instrument, until finally the tube is completely nlled with 
mercury. The thermometer thus filled is now to be heated until 
so much mercu^ has been driven out by the expansion of the 
remainder, that its level in the tube shall stand at common tem- 
peratures at the point required. This being satisfactorily adjusted, 
the heat is once more ai)plied, imtil the column rises quite to the 
top ; and then the extremity of the tube is 
hermetically sealed by the blowpipe. The 
distraction of the mercury on cooling now 
leaves an empty space, which is essential 
to the perfection of the instrument. 

The thermometer has yet to be gradu- 
ated; and to make its indications com- 
parable with those of other instruments, 
a scale, having at the least two fixed 
points, must he adapted to it. 

It has been observed, that the tempe- 
rature of melting ice, that is to say, of a 
mixture of ice and water, is always con- 
stant ; a thermometer, already grailuated, 
plunged into such a mixture, always marks 
the same degree of temperature, and a 
simple tube filled in the manner described 
and so treated, exhibits the same effect in 
the unchanged height of the little mercu- 
rial column, when tried from day to day. 

The freezing point of water, or melting 
point of ice, constitutes then one of the 
invariable temperatures demanded. 

Another is to he found in the boiling-point of water, or, more 
accurately, in the temperature of steam which rises from boiling 
water. In order to give this temperature, which remains perfectly 
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0Qm»ta&t whildt tlie 1>aroinetric pressure is constant, to the mercuiy 
of the thetmometer, distilled water is made to boil in a glass ves- 
sel with a long neck, when the pressure is at 30 inches (fig* 17). 
The thermometer is then so placed that all the mercury is sur- 
rounded with steam. It quickly rises to a fixed point, and there 
it remains as long as the water boils, and the height of the bar- 
ometer is unchanged. 

The tube having been carefully marked with a file at these two 
points, it remains to divide the interval into degrees : this division 
IS entirely arbitrary. The scale now most generally employed is 
the centigrade, in which the space is divided into 100 parts, the 
zero being placed at the freezing point of water. The scale is con- 
tinued above and below these points, numbers below 0 being dis- 
tinguished by the negative simi. 

In Englan][l the division of Fahrenheit is still in use : the above- 
mentioned space is divided into 180 degrees ; but the zero, instead 
of starting from the freezing point of water, is placed 32 degrees 
below it, so tliat the temperature of ebullition is expressed by 212°. 

The plan of Eeaumur is nearly confined to a few places in the 
north of Germany and to Eussia: in this scale the freezing point 
of water is made 0° and the boiling j)oiut 8(>°. 

It is inifortiuiate that a uniform system has not been generally 
adopted in graduating thermometers : this would render unneces- 
sary the labom which now so frequently has to he perfomied of 
translating the language of one scale into that of another. 
effect this, presents, however, no gi-eat difficulty. Let it be re-’ 
quired, for example, to know the degree of Fahrenheit's scale 
which corresponds to 60° C. 

100° C. = 180° F., or 6° C. = 9° F. 

Consequently, 

5 : 9 = 60 : 108, 

But then, as Fahrenheit's scale commences with 32° instead of 0°, 
that number must be added to the result, making 60° C. = 140° F. 

The rule, then, is the following: — To convert centigrade 
degrees into Fahrenheit degrees, multiply by 9, divide the product 
by 5, and add 32 ; to convert Fahrenheit degrees into centigrade 
degrees, substract 32, multiply by 5, and divide by 9. 

The reduction of negative degrees, or those below zero of one 
scale into those of another scale, is effected in the same way. For 
example, to convert — 15° C. into degrees of Fahrenheit — 

We have - 16 X + 32 = - 27 + 32 = + 6 F. 

In this work temperatures will always he given in centigrade 
degrees, unless the contraiy is stated. 

Mercury is usually chosen for making thermometers, on accoimt 
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of its regularity of expansion within certain limits, and because it 
is easy to have the scale of great e3ttent, from the large interval 
between the freezing and boiling points of the metaL Other sub- 
stances are sometimes used ; alcohol is employed for estimating 
very low temperatures, because this liquid has not Iteen frozen even 
at the lowest degree of cold which has been artificially produced. 

Air-thermometers are also used for some few particular ]pur- 
poses ; indeed, the first thermometer ever made was of this land. 
There are two modifications of this instrument : in the first, the 
liquid into which the tulie dips is open to the air; and in the 
second, shown in fig. 18, the atmosphere is completely excluded. 
The effects of expansion are in the one case compucated with\those 
arising from changes of pressure, and in the other they cease to 


Fig. 18. 



Fig. 19. 



be visible at all when the whole instrument is subjected to altera- 
tions of teinj)erature, because the air in the upper and loAver 
reservoir, being equally affected by such changes, no alteration in 
the height of the fluid column can occur. Accordingly, such 
instruments are called differential thermometers, since they serve 
to measure differences of temperature between the two portions of 
air, while changes affecting both alike are not indicated Fig. 19 
shows another form of the same instrument. 

The air-thermometer may be employed for measuring all tem- 
J^eratures from the lowest to the highest ; M. Pouillet has described 
one by which the heat of an air-fumace could be measured. The 
reservoir of this instrument is of platinum, and it is connected 
with a piece of apparatus by which the increase of volume experi- 
enced by the included air is determined. 

An excellent air-theimometer has been constructed and used by 
Rudberg, and more recently by Magnus and Regnault, for measur- 
ing the expansion of the air. Its construction depends on the 
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law, that when air is heated and hindered from expanding, its 
tension increases in the same proportion in which it would nave 
increased in volume if permitted to expand. 

All bodies are'^enlar^ed by the application of heat, and reduced 
by its abstraction ; or, in other words, contract on being artificially 
cooled : this effect takes place to a comparatively small extent 
with solids, to a larger amount in liquids, and most of all in the 
case of gases. 

Each solid and liquid has a rate of expansion peculiar to itself ; 
gases, on the contrary, expand nearly alike for the same increase 
of heat. 

Expansion of Solids. — The actual amount of expansion which 
different solids undei^o by the same increase of heat has been care- 
fully investigated. The following are some of the results of the 
best investigations, more particularly those of Lavoisier and La- 
place, The fraction indicates the amount of expansion in lengtTi 
suffered by rods of the undermentioned bodies in passing fi nn 0^ 
to 100® 

Fir-wood,* . . . tAt Tempered steel, 

English flint glass, . tvtit Soft iron, . 

Platinum, . . . ttVt Gold, 

Common white glass, . Copper, 

Common white glass, . ti\t Brass, 

Glass without lead, . tiW Silver, 

Another specimen, . x^inr Lead, 

Steel untempered, . Zinc, 

From the linear expansion, the cubic expansion (or measure of 
volume) may be calculated. When the exjmnsion of a body in 
different directions is equal, as, for example, in glass, hammered 
metals, and generally in most uncrystallised substances, it will be 
sufficient to triple the fraction expressing the increase in one 
dimension. This rule does not hold true for crystals belonging to 
irregular systems, for they exjiand unequally in the direction of 
the different axes. 

Metals appear to expand pretty uniformly for equal increments 
of heat within the limits stated ; but above the boiling point of 
water the rate of expansion becomes irregular and more rapid. 

The force exerted in the act of expansion is very ^eat. In lay- 
ing down railways, building iron bridges, erecting long ranges of 
steam-pipes, and in executing all works of the kind in which 
metal is largely used, it is indispensable to make provision for 
these changes of dimensions. 

In consequence of glass and platinum having nearly the same 
amount of expansion, a thin platinum wire may be fused into a 
glass tube, without any fear that the glass will break on cooling. 

A very useful application of expansion by heat is that of the 

* In tlie direction of the vessels. 
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cutting of glass by a hot iron ; this is constantly practised in the 
laboratory for a great varietjr of purposes. The glass to be cut is 
marked with ink in the required direction, and then a crack, com- 
nienced by any convenient method, at some distance from the 
desired line of fracture, may be led by the point of a heated iron 
rod along the latter with the greatest precision. 

Expansion of Liquids , — The dil \tation of a liquid may be deter- 
mined by filling a thermometer with it, in which the relation 
between the capacity of the ball and that of the stem is exactly 
known, and observing the height of the column at different 
temperatures- It is necessary in this experiment to take into 
account the effects of the expansion of the glass itself, the observed 
result being evidently the difference of the two. 

Liquids vary exceedingly in this particular. The following 
table is taken from Peclet^s “ Elements de Physique — 


Apparent Dilatation in Glass between 0° and 100®. 

Water, 

Hydrochloric acid, sp. gr. 1 '137, .... 

Nitric acid, sp. gr. 1'4, 

Sulphuric acid, sp. gr. 1 *85, ..... 

Ether, 

Olive oil, , ........ 

Alcohol, ........ 

Mercury, 


•sV 

* 

iV 

1 . 


Most of these numbers must be taken as representing mean 
results ; for there are few liquids which, like mercury, expand 
regularly between these temperatures. Even mercury above 100° 
shows an unequal and increasing expansion, if the temperature 
indicated by the air-thermometer be used for comparison. This 
is shown by the following abstract of a table given by Eeg- 
nault : — 


Reading of Air 
Thermometer. 

0 ® 

100 ® 

200 ® 

300® 

360® 


Reading of Mercurial 
Thermometer. 

0 ® 

100 ® 

200 ® 

301® 

364® 


Temperature deduced from 
the Absolute Expansion 
of Mercury. 

0 ® 

100 ® 

202*78® 

308*34® 

362 T6® 


The absolute amount of expansion of mercury is, for many 
reasons, a point of great importance ; it has been very carefully 
determined by a method independent of the expansion of the con- 
taining vessel; The apparatus employed for this purpose, first by 
MM. JDulong and Petit, and later by Eegnault, is shown in fig. 20, 
divested, however, of many of its subordinate parts. It consi^ 
of two upright glass tubes, connected at their bases by a horizonlH 
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tube of much smaller dimensions. Since a free communication 
exists between the two tubes, mercury poured into the one will 
Tise to the same level in the other, provided its temperature is the 
same in both tubes ; when this is n6t the case, the hotter column 
will be the taller, because the expansion of the metal diminishes 
its specific gravity, and the law of hydrostatic equilibrium requires 
that the height of such columns should be inversely as their den- 
sities. By tne aid of the outer cylinders, one of the tubes is main- 
tained constantly at 0°, while the other is raised, by means of 
heated water or oil, to any required temperature. The perpendi- 
cular height of the columns may then be read off by a horizontal 
micrometer telescope, moving on a vertical divided scale. 

These heights represent volumes of equal weight, because volumes 
of CHjual weight bear an inverse proportion to the densities of the 
liquids, so that the amount of expansion admits of being very 



easily calculated. Thus, let the column at 0° be 6 inches high, 
and that at 100®, 6*108 inches ; the increase of height, 108 on 
6000, or part of the whole, must represent the absolute cubi- 
cal expansion. 

The indications of the mercurial thermometer are inaccurate 
when very high ranges of temperature are concerned, from the in- 
creased expansibility of the metal. The error thus caused is, how- 
ever, nearly compensated, for temperatures under 204*5®, by the 
expansion of the glass tube. For higher temiieratures a small 
correction is necessary, as the above table shows. 

To what extent the expansion of different liquids may vary be- 
tween the same temperatures is obvious from a glance at fig. 21, 
which represents the expansion of mercury (M), water (W), oil of 
turpentine (T), and alcohol (A). A column of these several 
liquids, equalling at 0° the tenfold height of the line 0 0*1 in the 
diagram, would exhibit, when heated to a temperature of 10® 20®, 
30®, &c., an expansion indicated by the distances at which the 
perpendicular lines drawn over the numbers 10, 20, 30, &c., are 

S tersected by the curves belonging to each of these liquids, 
fius it is seen that oil of turpentine, between 0® and 100 , ex- 
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pan<ls veiy nearly ^ of its volume, and that mercurjr between the 
same limits of temperature expands uniformly, while the" rate of 
expansion of the other liquids increases with the rise of the tem- 
perature. 

An exertion to the regularity of expansion in liquids exists in 
the case of water ; it is so remarkable, and its consequences so im- 
portant, that it is necessary to ad^ ert to it particularly. 


Fife. 21. 



oo 10 20 30 40 50 60 70 80 90 100° 


Let a large thermometer-tube be filled with water at the common 
temperature of the air, and then artificially cooled. The liquid 
will lie observed to contract, until the temperature falls to about 
C. (39'2’ F., or 7‘2° above the freezing point). After this a further 
reduction of temperature causes expansion instead of contraction 
in the volume of the water, and this expansion continues until the 
,fiiquid arrives at its point of congelation, when so sudden and 
violent an enlargement takes place that the vessel is almost invari- 
ably broken. At the temperature of 4° water is at its maximum 
density; increase or diminution of heat produces upon it, for a 
short time, the same effect. 

According to the latest researches of Kopp, the point of greatest 
density of the water is 4‘()8° O. (39'34° F.) According to the 
determinations of this physicist, the volume of water =r 1 at 0° C. 
changes, when heated, to the following volumes : — 


2° 0-99991 
4 ° 0-99988 
6° 0-99990 
8° 0-99999 
10 ° 1-00012 
12° 1-00031 
14° 1-00056 


16° ltX)085 
18° 1-00118 
20° 1-00157 
22° 1-00200 
24° 1-00247 
25° 1-00272 
30° 1-00406 


35° 1-00570 
40° 1-00753 
45° 1-00954 
50° 1-01177 
55° 1-01410 
60° 0-01659 
65° 1-01930 


70° 1-02225 
75° 1-02544 
80° 1-02858 
85° 1-03189 
90° 1-03540 
95° 1-03909 
100° 1-04299 


Searwater has no point of maximum density above the frezing- 
point. The more it is cooled the denser it becomes, until it solidi- 
fies at - 2-6°. 

The gradiud expansion of pure water cooled below 4° must be 
carefully distinguished feum the great and sudden increase of 
vohmie it exhibits in the act of freezing, in wldch respect it 
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resembles many other bodies which expand on solidifyinjj. The 
force thus exerted by freezing water is enormous. Thick iron 
shells quite filled with water, and exposed with their fuse-holes 
securely plugged, to the cold of a Canadian winter night, have 
been found split on the following morning. The freezing of water 
in the joints and crevices of rocks is a most potent agent in their 
disintegration. 

Expansion of Gases . — The principal laws relating to the expan- 
sion of gases are contained in the four following propositions : — 

1. All gases expand nearly alike for equal increments' of heat ; 

and all vapours, when remote from theij condensing points, 
follow the same law. 

2. The rate of expansion is not altered by a change in the state 

of compression, or elastic force of the gas itself. 

3. The rate of expansion is uniform for all degrees of heat. 

4. The actual amount of expansion is equal to -jrrF or or 

0*003666 of the volume of the gas at O'^ centigrade, for each 
degi*ee of the same scale.* 

It will be unnecessary to enter into any description of 
methods of investigation by which these results have been ob- 
tained; the advanced student will find in Pouillet's ‘‘Elements de 
Physique,” and in the papers of Magnus and Eegnault,t all thg 
information he may require. ' 

In the practical manipulation of gases, it very often becomes 
necessary to make a correction for temperature, or to discover how 
much the volume of a gas would be increased or diminished by a 

{ )ai'ticular change of temperature ; this can be effected with ^eat 
acility. Let it be required, for example, to find the volimie which 
100 cubic inches of any gas at 10^ would become on the tempera- 
ture rising to 20®. 

The rate of expansion is irK or - 5^17 of the volume at 0® for each 
degree; or 3000 measures at 0® become 3011 at 1°, 3022 at 2®, 
3110 at 10®, and 3220 at 20®. Hence 

Meas. at 10^ JVIeas. at 20”. Meas. at 10”. Hcas. at 20”. 

3110 : 3220 == 100 : 103*537. 

If this calculation is required to be made on the Fahrenheit scale, 
it must be remembered that the zero of that scale is 32® below the 
melting-point of ice. Above this temperature the expansion for 
each degree of the Fahrenheit scale is tStt of the original volume. 
This, and the correction for pressure, are operations of very fre- 

* The fraction is vei*y convenient for calculation, 
f PoggendorflTs Annalen, iv. 1. — ^Ann. Chim. Phys., 3d series, iv. 5, and 
v. 52. See also Wattses Dictionary of Chemistry, art. Heat, voL iii. p. 46. 
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a uent QCcuiTence in chemical investigations, and the student will 
o well to become familiar with them. 

The following formula includes both these corrections : — Let V 
and V' be the volumes of a gas at the temperatures t and ff centi- 
grade, and under the pressures p and p', measured in millimetei’s 
of mercury : then 


V l+0-003666e p' 

V' i+ 0*003666^' * p ' 

The case which most frequently occurs is the reduction of a 
measured volume, y, of a gas at tne temperature t and pressure p 
to the volume Vo, which it would occupy at (f C., and under a 
pressure of 760 mm. In this case, we have ^' = 0, and p'=760, 
therefore 

V , ,760 

= (1 4- 0-0036660 . — ^ 

and ^ _ Y 

i+ b‘00366^ ‘760* 

If the barometric pressure is measured in inches, the number 30 
must be substitutecl for 760. 

^ Note , — Of the four propositions stated in the text, the fii*st and 
second have recently been shown to be true ^vithin certain limits 
only; and the third, although in the highest degi-ee probable, 
would be very difficult to demonstrate rigidly ; in fact, the equal 
rate of expansion of air is assumed in all experiments on other 
substances, and becomes the standard by which the results are 
measured. 

The rate of expansion for the different gases is not absolutely 
the same, but the difference is so small that for most purposes it 
may safely be neglected. Neither is the state of elasticity alto- 
gether indifferent, the expansion being sensibly greater for an equal 
rise of temperature when the gas is in a compi-essed state. 

It is important to notice that the greatest deviations from the 
rule are exhibited by those gases which, as will hereafter be seen, 
are most easily liquefied, sucli as carbon dioxide, cyanogen, ami 
sulphur dioxide ; and that the discrepancies become smaller and 
smaller as the elastic force is lessened ; so that, if means existed 
for comparing the different gases in states equally distant from 
their points of condensation, there is reason to believe that the law 
would be strictly fulfilled. 

The experiments of Dalton and Gay-Lussac gave for the rate of 
expansion of the volume at 0®: this is no doubt too high. 
Those of Riidberg give those of Magnus and of Regnault 
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CONDUCTION OF HEAT. 


Different bodies possess very different conducting powers with 
respect to heat : if two similar rods, the one of iron, the other of 
glass, be held in the flame of a spirit-lamp, the iron will soon 
TOCome too hot to be touched, while the glass may be grasped with 
in^umty within an inch of the red-hot portion. 

Experiments made by analogous but more accurate methods 
have established a numerical comparison of the conducting powers 
of many bodies. The following may be taken as a specimen : — 


Silver, . . 1000 

Copper, . 736 

Gold, ... 532 

Brass, . . 236 

Tin, . . 145 

Iron, . . . 119 


Steel, . • . 

116 

Lead, . 

86 

Platinum, 

84 

German silver, 

63 

Bismuth, 

^8 


As a class the metals are by very far the best conductors, 
although much difference exists between them ; stones, dense 
woods, and charcoal follow next in order; then liquids in general, 
and gases, whose conducting power is almost inappreciable. 

Under favourable circumstances, nevertheless, both liquids and 
gases may become rapidly heated ; heat applied to the bottom of 
the containing vessel is very speedily communicated to its con- 
tents ; this, however, is not so much by conduction, as by convec-' 
tion, or carrying. A complete circulation is set up ; the portions 
in contact with the bottom of the vessel get heated, become lighter, 
and rise to the surface, and in this way the heat becomes com- 
municated to the whole. If these movements be prevented by 
dividing the vessel into a great nimiber of compartments, the 
really low conducting power of the substance is made evident; 
and this is the reason why certain organic fabrics, as wool, silk, 
feathers, and porous bodies in general, the cavities of which are 
full of air, exhibit such feeble powers of conduction. 

The circulation of heated water through pipes is now extensively 
applied to the warming of buildings and conservatories ; and in 
chemical works a serpentine metal tube containing hot oil is often 
used for heating stills and evaporating j^ans ; the two extremities 
of the tube are connected with the ends of another spiral built 
into a small furnace at a lower level, and an unintermitting chcu- 
lation of the liquid takes place as long as heat is applied. 


SVECIPIC HEAT. 

Equal weights of different substances having the same tempera- 
ture require different amounts of heat to raise them to a given 
degree of temperature. If 1 lb. of water, at 100°, be mixed with 
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1 lb. at 40°, then, aa is well known, a mean temperature of 
100-4-40 ^ jg obtained. In the same way the mean tern- 

perature is found when warm and cold oil, or Warm and cold 
mercury, &c., are mixed together. But if 1 lb. of water at lOO"^ 
’be mixed with 1 lb. of olive-oil at 40°, or with 1 lb. of mercury 
at 40°, then, instead of the mean temperature of 70°, the tempera- 
ture actually obtained will be 80° m the first case, 98° in the 
second ; 20 degrees of heat, which the water (by cooling from 100° 
to 80°) gave to the same weight of oil, were suliicient to raise 
the oil 40°, that is, from 40° to 80^° ; and 2°, which the water lost 
by cooling from 100° to 98°, sufficed to heat an equal quantity of 
mercury 58°, nainmy, from 40° to 98°. 

It is evident from these experiments that the quantities of heat 
wh rl' equal weights of water, olive-oil, and mercury, require to 
raise their temjierature to the same height, are unequal, and that 
they are in the proportion of the numbei*s 1:5^: 7 ?jr, or 1 : 4 : 

These quantities of heat, expressed relatively to the cpiantity of 
heat required to raise the temperature of an equal weight of water 
from 0° to 1° C., are called the specific heats of the various 
substances : thus the experiments just described show that the 
specific heat of olive oil is that is to say, the quantity of heat 
which would raise the teirq^erature of any given quantity of olive 
oil from 0° to 1° would raise that of an equal weight of water 
only from 0° to ^°, or of half that quantity of water from 0° 

' to i°. 

The specific heats of bodies are sometimes said to measure their 
relative capacities for heat. 

There are three distinct methods by which the specific heats 
of various substances may be estimated. The first of these is by 
observing the quantity of ice melted by a given weight of the 
substance heated to a particular temperature ; the second is by 
noting the time which the heated body requires to cool down 
through a certain number of degrees ; and the third is the method 
of mixture, on the principle illustrated ; this latter method is pre- 
ferred as the most accurate. 

The determination of the specific heat of different substances 
has occupied the attention of many experimenters ; among these ' 
Dulong and Petit, and recently Begnault and Kopp, deserve 
especitu mention. 

From the observation of these and other physicists, it follows 
that each body has its peculiar specific heat, and that the specific 
heat increases with increase of temperature. If, for example, the 
heat which the unit of water loses by cooling from 10° to 0° be 
marked at 10°, then the loss by cooling from 50° to 0° will be, not 
60, corresponding to the difference of temperature, but 60*1. By 
cooling from 100° to 0° it is 100*6, and rises to 203*2 when the 
water is heated under great pressure to 200°, and afterwards cooled 
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to 0^ Similar and even more striking differences have been 
fonnd with other substances. It has also been proved that the 
specific heat of any substance is greater in the liquid than in the 
solid state. For example, the specific heat of ice is 0*604, that isj 
not more than half as great as that of liquid water. 

It is remarkable that the specific heat of water is greater than’ 
that of all other solid and liquid substances, and is only exceeded 
by that of hydrogen. The specific heat of the solid parts of the 
crust of the globe is on an average J, and that of the atmosphere 
nearly i that of water. 

If the specific heat of any body within certain degrees of tem- 
perature be accurately known, then from thf quantity of heat 
which this body gives out when quickly dipped into cold water, 
the temperature to which the body was heated may be deter- 
mined. Pouillet has founded on this fact a method of measuring 
high temperatures, and for tliis purpose, with the help of the air- 
thermometer, he has determined the specific heat of platinum up 
to 1600^. 

The determination of the specific heat of gases is attended with 
peculiar difficulties^ on account of the comparatively laige volume 
of small weights of gases. For many gases, however, satisfactory 
results have been obtained by the method of mixing. 

When a gas expands, heat becomes latent, that is to say, insen- 
sible to the thermometer ; in fact, the molecular motion which 
constitutes heat is converted into another kind of motion which 
overcomes the pressure to which the gas is subjected, and allows ^ 
it to expand (see page 61). The amount of heat required, there- 
fore, to raise a gas to any given temperature increases the more 
the gas in (question is allowed to expand. The quantity of heat 
which the unit-weight of a gas recmires in order to raise its tem- 
r^erature 1® without its volume undergoing any change (which can 
Mltake place only by the pressure being simultaneously augmented) 
lis called the specific heat of the gas at constant volu^. The 
quantity of heat'rsquireJrby^ie uTrtt-weighrTorf^uTfSST^ its 
temperature 1®, it being at the same time allowed to dilate to 
such an extent that the pressure to which it is exposed remains 
unchanged, is called the specific heat of the gas at constant pres- 
* sure, Accoiding to what has already been stated, the specific heat 
at constant pressure must be greater than that at constant volume. 
Dulong found, in the case of atmospheric air, of oxygen, of 
hydrogen, and of nitrogen, that the two specific heats are in the 
proportion 1*421 : 1. For carbon monoxide, however, he obtained 
the proportion of 1*423, for carbon dioxide 1*337, for nitrogen 
dioxide 1*343, and for olefiant gas 1*24 to 1. The exact determi- 
nation of these ratios is extremely difficult, and the results of dif- 
ferent physicists by no means agree. 

The first satisfactoiy comparison of the specific heat of air with 
that of water was made by Count Bumford ; later comparisons of 



HBAT. 31 


the specific heat of various t^es have been made hy Delaroche 

and B^rard, Dulop 

^ and Begnault. 
les of D^aroche 




The first lesearcl 

1 

1 

furnished the re- 

suits embodied in the following table : — 




The Tolumes The pressure 
constant, ' constant. 

Equal weights. 

Air = l. Water = 1. 

Atmospheric air, 

1 

1 

1 

0-2669 

Oxygen, . 

1 

1 

0-9045 

0-2414 

Hydrogen, 

1 

1 

14-4610 

3-8569 

Nitrogen, 

1 

1 

1-0295 

0-2748 

Carbon monoxide, . 

1 

1 

1-0337 

0-2759 

Nitrogen monoxide, 

• . 1*227 

1-160 

0-7607 

0-2030 

Carbon dioxide, 

1*249 

1-175 

0-7685 

0-2051 

OleB^nt forps!, . 

1*754 

1-631 

1-6829 

0-4225 


The latest and most trustworthy determinations are those of 
Eegnault, given in the subjoined table, in the second column of 
which the specific heats of the several gases and va 2 )ours are com- 
pared with that of an equal weight of water taken as unity, and 
in the third, with that of an equal volume of air refen^ed to its 
own weight of water as unity. The latter series of numbers is 
obtained by multiplying the numbers in the second column by 
the specific gravities of the respective gases and vapours referred 
to air as unity : — 


- 


Specific Heat 



at Constant Pressure. 


Spectfc 

For equal 

For equal 

Gases. 

Gravity. 

Air=l. 

weights. 
Water = 1. 

volumes. 

Atmospheric air, 

1 

0*2377 

0*2377 

Oxygen, .... 

1*1056 

0*2175 

0*2405 

Nitrogen, .... 

0*9713 

0*2438 

0*2368 

Hydrogen, .... 

0*0692 

3*4090 

0*2359 

Chlorine, .... 

2*4502 

0*1210 

0*2965 

Bromine vapour. 

5*4772 

0*0555 

0*3040 

Carbon monoxide, 

0*9670 

0-2450 ' 

0*2370 

Carbon dioxide, 

1*5210 

0*2169 

0*3307 

Nitrogen monoxide, . 

1*5241 

0*2262 

0*3447 

Nitrogen dioxide, 

1*0384 

0*2317 

0*2406 

Olefiant gas, 

0*9672 

0*4040 

0*4106 

Marsh gas, 

0*5527 

0*5929 

0*3277 

Aq^ueous vapour, 

0*6220 

0*4805 

0*2989 

Sulphuretted hydrogen. 

1*1746 

0*2432 

0*2867 

Sulphur dioxide, 

2*2112 

0*1544 

0*3414 

Vapour of carbon bisulphide, 

2*6258 

0*1569 

0*4122 

Hydrochloric acid, 

1*2596 

0*1852 

0*2333 

Ammonia, 

0*5894 

0*5084 

0*2996 

The researches of Delaroche 

1 

1 

led them to suppose 
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that the specific heat of gases increased rapidly as the tempera- 
ture was raised, and that for a given volume of gas it increased 
in proportion to the density or tension of the gas. Eegnault 
found, however, the quantity of heat which a given volume of 
gas requhes to raise it to a certain temperature, to be independent 
of its density ; and that for each degiee between — 30® and 225® 
it is constant. Carbon dioxide, however, forms an exception to 
this rule, its specific heat increasing with the temperature. In 
the table mean values for temperatures between 10® and 200® have 
been given. 

Several physicists have held that the specific heats of elementary 
gases, referred to equal volumes, are identical. The numbers 
which Eegnault found for chlorine and broinine, however, show 
that the law does not hold good for all elementary gases. 

It has been already stated that, when a gas expands, heat 
becomes latent. If a gas on expanding be not supplied with the * 
requisite heat, its temperature falls on account of its own free 
heat becoming latent, that is to say, expended in overcoming 
pressure. On the other hand, if a gas be compressed, this latent 
heat becomes free, and causes an elevation of temperature, which, 
under favourable circimistances, may be raised to ignition ; 
syringes by which tinder is kindled are constructed on this 
principle. 


CHANGE OF STATE. 

Solid bodies when heate<l are expanded ; many are liquefied, 
i.^,, they melt or fuse. The melting of solids is frequently preceded 
by a gradual softening, more especially when the temperature ap- 
proaches the point of fusion. This phenomenon is observed in 
the case of wax or iron. In the case of other solids — of zinc and 
lead, for instancfe — and several other metals, this softening is not 
observed. Generally, bodies expand during the process of fusion ; 
an exception to this rule is water, which expands during freezing 
(10 vol. of water produce nearly 11 voL of ice), while ice when 
melting produces a proportionately smaller volume of water. The 
expansion of bodies during fusion, and at temperatures preceding 
fusion, or the contraction during solidification and further refrigera- 
tion, is very unequal. Wax expands considerably before fusing, 
and comparatively little during fusion itself. Wax, when poured 
into moulds, fills them perfectly dming solidification, but after- 
wards contracts considerably. Stearic acid, on the contrary, 
expands very little before fusion, but rather considerably during 
fusion, and consequently pure stearic acid when poured into 
moulds solidifies to a rough porous mass, contractmg little by 
further cooling. The addition of a little wax to stearic acid pre- 
vents the powerful contiuction in the moment of solidification, 
and renders it more fit for being moulded. 
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Latent Heat of Fmion , — During fusion bodies absorb a certain 
quantity of heat, which is not indicated by the thermometer ; at 
a given temperature — the malting point, for instance — a certain 
weight of substance contains when solid less heat than when liquid. 

If equal weights of water at 0® and water at 79° be mixed, the 
temperature of the mixture will be the mean of the two tempera- 
tures, or 39*5°. If the same experiment"" be repeated with snow or 
linelv-powdered ice at 0°, and watei* at 79°, the temperature of the 
whole will be only 0°, Imt the ice will have been melted. 


1 lb. of water at 0° ) 

1 lb. of water at 79° ) 

1 lb. of ice 0° ) 

1 lb. of water at 79° ] 


= 2 lb. water at 39*5° 
= 2 lb. water at (;° 


In the last experiment, therefore, as much heat has been ajv 
parently lost as would have raised a quantity of water equal to 
that of the ice through a range of 79°. 

The heat, thus become insensible to the thermometer in effecting 
the liquefaction of the ice, is called latent heat, or better, heat 
of fluidity. 

Again,- let a perfectly uniform source of heat be imamned, of 
such intensity that a lb. of water placed over it would have its 
temperature raised 5° per minute. Starting with water at 0°, in 
rather less than 16 minutes its temperature would have risen 79° ; 
but the same quantity of ice at 0°, exposed for the same interval 
of time, would not have its temperature raised a single degree. 
But, then, it would have become water ; the heat received would 
have been exclusively employed in effecting the change of state. 

This heat is not lost, for when the water freezes it is again 
evolved. If a tall jar of water, covered to exclude dust, be 
placed in a situation where it shall be quite undisturbed, and at 
the same time exposed to great cold, the temperature of the water 
may be reduced 10° or more l)elow its freezing point without the 
formation of ice;* but then, if a little agitation be communi- 
cated to the jar, or a grain of sand dropped into the water, a 
portion instantly solidifies, and the temperature of the whole 
rises to 0° ; the heat disengaged by the freezing of a small porticn 
of the water is sufficient to raise the whole contents of the jar 5°. 

• Fused bodies, when cooled down to or below their fusing point, fre- 
quently remain liquid, more especially when not in contact with solid 
bodies. Thus, water in a mixture of oil of almonds and chloroform, of 
specific gravity equal to its own, remains liquid to -10® ; in a similar man- 
ner fused sulphur qr phosphorus, floating in a solution of zinc chloride of 
appropriate concentration, retains the liquid condition at temperatures 40' 
below its fusing point. Liquid bodies, thus cooled below their fusing 
point, frequently solidify when touched with a solid substance, invariably 
when brought in contact with a fragment of the same body in the solid 
condition. A body thus retained in the liquid state above its ordinary 
solidifying point, is said to be in a state ofsur/usion or mper fusion. 

C 
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This curious condition of instuble equilibrium shown by the 
very cold water in the preceding experiment, may be reproduced 
with a variety of solutions which tend to ciystmlise or solidify, 
but iu which that cluuige is for a while suspended. Thus, a solu- 
tion of crystallised sodium sulphate in its owm w'eight of warm^ 
water, left to cool in an o|)en vessel, deposits a hirge ouaiitity of 
the salt in cryshils. If the waim solution, however, be filtere<l 
into a tdc^aii flask, which when full is securely corketl an<l set aside 
to cool undisturlx'd, no crystals will be deiK^sitetl, even aAer many 
days, until the cork is ’withdraum ami the contents of tlie flask 
are \dolenriy shaken. Crystallisation then nipidly takes ])lace in a 
very beautiful manner, and the wbide l)ecomes j)erceptibly warm. 
The law above illustratetl iu the case of watef is |)erfectly genend. 
Whenever a solid liecomes a liquid, a certain hxeil and definite 
amount oi heat disiipiwiavs, or becomes latent ; and conversely, 
whenever a liquid becomes solid, heat to a corresponding extent is 
^ven ont. 

The following table exhibits the melting points of several sub- 
stances, and their latent heats of fusion expressed in gram-degrees 
— ^that is to say, the numbers in the colmnn headed “ latent heat” 
denote the number of grams of water, the temperature of which 
would be raised 1° centigrade by the quantity of heat required to 
fuse one gram of the several solids : — 


Substance. 

Melting 

Point. 

Latent 

Heat. 

Substanca 

Molting 

Point. 

Latent 
Heat, t 

Mercury, . . 

Phosphorus, 

Lead, .... 
Sulphur, . . 

Iodine, . . . 

Bismuth, . . 

Cadmium, 

- 39° 
+ 44 
332 
115 
107 
270 
320 

2-82 

5-0 

5-4 

9*4 

11- 7 

12- 6 
13*6 

Tin, 

Silver, .... 

Zinc 

Calcium chloride ) 
(CaCb OH^O), ] 
Potassium nitrate, 
Sodium nitrate, 

235° 

1000 

433 

28-5 

339 

310-5 

14-25 
21-1 ■ 
28-1 

40-7 

47-4 

63-0 


When a solid substance can be made to liquefy by a weak 
chemical attraction, cold results, from sensible heat becoming 
latent. This is the principle of the many fiigorific mixtures to 
1)6 found described in some of* the older chemicm treatises. When 
snow or powdered ice is mixed with common salt, and a thermo- 
meter plunged into the mass, the mercury sinks to 0° F. (t-17‘7° C.), 
while the whole after a short time becomes fluid by the attraction 
between the water and the salt ; such a mixture is very often used 
in chemical experiments to cool receivers and condense the vapours 
of volatile liquids. Powdered crystallised calcium chloride and 
snow produce cold enough to freeze mercupr. Even powdered 
potassium nitrate, or sal-ammoniac, or ammonium nitrate, dissolved 
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in water, occasions a very notable depression of temperature ; in 
every case, in short, in which solution is unaccompanied by ener- 
getic chemical action, cold is jiroiluced. 

No relation can be trace<l between the actual melting-point of a 
substance, and its latent heat when in the fused state. 

Latent Heat of Vaporuation. — A law of exactly the same kind 
as that above descrilie<l affects universally the gaseous condition; 
clian^je of state from solid or liquid to giis is accompanied by ab- 
sorption of sensible heat, and trie reverse by its disengai'ement. 
The latent heat oi steam and other vaj^ours may be ascertained by 
a mmle of investigation siiiiilar to that employed in the case of 
water* 

WJieri u ater at O'’ is mixed with an equal weight of water at 
100° the whole is found to jxissess the mean of the two tempera- 
or 50°; on the other hand, 1 part by weight of steam at 
100 , when condensed in cold water, is found to be capable of 
raising 5 '4 parts of the latter from the freezing to the boiling 
point, or through a range of 100° Now 100 x 5*4= 540°; that 
is to say, steam at 100°, in becoming water at 100°, parts with 
enough heat to raise a weight of water equal to its own (if it were 
possible) 540°, of the thermometer, or 540 times its own weight of 
water one degree. ' When water passes into steam the same 
quantity of sensible heat becomes latent. 

The vapours of other liquids seem to have less latent heat than 
that of water. The following table is by Dr Th. Andrews, and 
serves well to illustrate this point. The latent heats are expressed, 
as in the last table, in gram-degrees : — 




* Latent Heat. 

Vapour of water, 

. 535*90^ 

99 

alcohol, . 

. 202*40 

9 9 

ether, 

. 90*45 

9 9 

oxalic ether, . 

. 72*72 

9 » 

acetic ether, . 

92*68 

99 

ethylic iodide, 

. 46*87 

9 9 

wood spirit, . 

. 263*70 

99 

carbon bisulphide, . 

. 86*67 

99 

tin tetrachloride, . 

30*35 

f 9 

bromine, 

. 45*66 

99 

oil of turpentine, . 

. 74*03 


Ebullition is occasioned by the formation of bubbles of vapour 
within the body of the evaporating liquid, which rise to the surface 
like bubbles of permanent gas. This occurs in different liquids at 

S different temperatures. Under the same circumstances, the 
ng point is quite constant, and often becomes a physical 
character of OTeat importance in distinguishing liquids which 
much resemble each other. A few cases may be cited in illus- 
tration : — 
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Substance. 

Boiling-point. 

Aldehyde, 

. 20-8*' 

Ether, 

. 34-9 

Carbon bisulphide, .... 

46-1 

Alcohol, ...... 

. 78-4 

Water, 

. 100 

Kitric acid, strong, .... 

. 120 

Oil of turpentine, .... 

, 167 

Sulphuric acid, .... 

. 828*6 

Kervmry, 

. 850 


:Wot ebliilitioii to take place, it is necessaiy that the elasticity of 
the vapotur shoidd he able to overcome the cohesion of the liquid 
the pressure upon its surfiice ; hence the extent to which the 
hoilmg point may be modified^ 

Water, under the usual presetire of the atmosphere, boils at 
100^(81^ P.) ; in a partially exhausted receiver or on a mountain* 
tM it boils at a mucn lower temperature ; and in the best vacuum 
Oft an air*pump, over oil of vitriol, which absorbs the vapour, it 
W01 often enter into violent ebullition while ice is in the act of 
forming upon the surface. 

On uie other hand, water confineil in a very strong metallic 
vestsel may be restrained from boiling by the pressure of its own 
vapour to an almi>st unliiuiteil extent ; a temperature of 177® or 
is very easily obtained ; and, in fact, it is said that water may 
lie made red-hot, and yet retain its liquidity. 

There is a very simple and beautiful experiment illustrative of* 
the effect of diminisbed jiressure in depressing the boiling point 
of a liquid. A little water is made to r>oil for a few minutes in a 
flask or retort placed over a lamp, until the air ha.s lieen chaw<l 
out, and the steam issues freely from the neck. A tightly fitting 
cork is then inserted, and the lamp at the same moment with- 
drawn. When the ebullition ceases, it may lie renewed at plea- 
sure for a considerable time by the affusion of cold water, wdiich, 
by condensing the vapour within, occasions a partial vacuum. 

The nature of the vessel, or, rather, the state of its surface, 
exercises an influence upon the boiling point, and this to a much 
greater extent than was formerly supposed. It has long been 
noticed that in a metallic vessel water boils, under the same cir- 
cumstances of pressure, at a temperature one or two degrees lielow 
that at which ebullition takes place in glass ; but by particular 
management a much greater difference can be observed. If 
two similar glass flasks be taken, the one coated in the inside with 
a film of shellac, and the other completely cleansed by hot sul- 
phuric acid, water heated over a lamp in the first will boil at 
99’4®, while in the second it will often rise to 105® or even higher; 
a momentary burst of vapour then ensues, and the thermometer 
sinks a few degrees, after which it rises again. In this state, the 
introduction of a few metallic filings, or angular fragments of any 
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kind, occasions a lively disengagement of vapour, while the tem- 
perature sinks to and there remains stiitionary. These re- 

markable etiects must be attribute<l to an attraction between the 
surface of the vessel and the liouid. 

AVlien out of contact with solid bodies, liquids not only solidify 
with reluctance, but also assume the gaseous condition with 
greater difficulty. Drops of water or of acjneous saline solutions 
floating on the cf)utact-8urface of two liquids, of which one is 
heavier and the other lighter, majr be heated from 10 to 20 de- 
grees above the ordinary boiling point ; explosive ebullition, how- 
ever, is instantaneously induced oy contact with a solid substance. 

A cubic inch of water in becoming steam under the ordinary 
pi*esBure of the atmosphere expands into 1696 cubic inches, or 
nearly a cubic foot. 

Steam, not in contact with water^ is affected by heat in the same 
manner as the permanent gases ; its rate of expansion and increase 
of elastic force are practically the same.* When water is present, the 
rise of temperatuie increases the quantity and density of the steam, 
and hence the elastic force increases in a far more rapid proportion. 

This elastic force of steam in contact with water, at different 
temperatures, has been very carefully determined by Arago and 
Dulong, and lately by Magnus and Regnault. The" force is ex- 
pressed in atmospheres ; the absolute pressure upon any given 
surface Ciin Ixi easily ailculated, allowng 14*6 lb. per square inch 
to each atmosphere. The experiments were carried to twenty-five 
atmospheres — at which point the difficulties and danger became so 
great as to put a stop to the inquiry ; the rest of the table is the 
result of calculations founded on the data so obtained : — 


Pressure of Steam 

Correspond injf 

1 Pressure of Steam 

Corresponding 

in Atmosplieres. 

Temperature. 

1 in Atmospheies. 

Temperature. 

1 

100® 

13 

194® 

1*5 

112 

14 

197 

2 

122 

15 

200*5 

2*5 

129 

16 

203 

3 

135 

17 

207 

3*5 

140*5 

18 

209 

4 

145*5 

19 

212 

4*5 

149 

20 

214 

5 

153 

21 

217 

5*6 

157 

22 

219 ^ 

6 

160 

23 

222 

6-5 

163 

24 

224 

7 

167 

25 

226 

7-5 

169 

30 

236 

8 

172 

35 * 

245 

9 

177 

40 

253 

10 

182 

45 

255 

11 

186 

. 50 

266 

12 

190 
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It is very interesting to know tlie amount of lieat requisite to 
convert water of any given tennierature into steam of the stune i u- 
another given temperature. Tne most exact experiments on this 
subject have been made by Regnault. He arrived at this result, 
that when the unit- weight of steam at the temperature t° is con- 
vert into water of the same temTCrature, and then cooled to 0°, 
it gives out the quantity of heat jT, which is represented by the 
formula ; — 

T « 606-6 -f 0-306 t. 

Tlusfonnula appew to hold good for temperatures both above 
and below the ordinary boiling point of wat^r. The following 
table gives the values of T, corresponding to the respective tem- 
peratures in the first column : — 


t 


T 

O'* 

• 

606-5’ 

50 


621-7 

100 


637-0 

150 


652-2 

200 


667-5' 


T is called the total heat of steam, being the heat required to 
raise water from 0° to t, together with that which becomes latent 
by the transformation of water at into steam at t°. Regnault 
states, as a resiUt of some very delicate experiments, that the heat 
necessary to raise a unit-weight of water from 0° to t° is not ex- * 
actly deno^ by t ; the discre|iancy, however, is so small that it 
may be ' disre^rded. Employing the approximate value, the 
latent heat of steam, L, at any temperature will Iw fouml 
by subtracting t from the total heat ; or, according to the 
formula : — 

L = 606-5 - 0-695 t. 


This eq^tion shows us the remarkable fact that the latent heat 
of steam diminishes as the temperatui-e rises. Before Regnault’s 
exmriments wei-e made, two laws of great simplicity were gene- 
rally admitted, one of which, however, contradicted the other. 
Watt concluded, from experiments of his own, as well as from 
theoretical speculations, that the total heat of steam would l)e the 
same at all temperatures. Were this true, equal weights of steam 
passed into cold water would always exhibit the same heating 

E rwer, no matter what the temperature of the steam might be. 

xactly the same absolute amount of heat, and consequently the 
same quantity of fuel, would be required to evaporate a given 
weight of water in vacuo at a temperature which the hand can 
bear, or under great pressure and at a high temperature. Watt's 
law, though agreeing well with the rough practical results ob- 
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tained by engineers, is only approximately true ; and the sai^ 
may be said of the de<luction8 wnich have just been made from it. 
The second law, in o]>po8ition to Watt's, is that of Southern, stat- 
ing the latent lieat oi* steam to be the same at all temperatures. 
Eegnault's res6arch(*s have shown that neither Watt's law {T con- 
stant) nor Southern's law {L constant) is coiTect. 


Fig. 22. 



Distillation. — The process of distillation is very simple : its 
object is either to separate substances which rise in vapoui’ at 
different temperatures, or to j>art a volatile liquid from a sub- 
stance incaixible of volatilisation. The same process applied 
to bodies which pass directly from the solid to the raseous 
condition, and the reverse, is called suhlinmtion. Every distilla- 
tory apparatus consists essentially of a boiler, in which the vapoiu* 
is raisea, and of a condenser, in which it returns to the liquid or 
solid condition. In the still employed for manufacturinff pur- 
poses, the latter is usually a spiral metal tube immersed m a 
tub of water. The common retort and receiver constitute the 
simplest arrangement for distillation on the small scale ; the 
retort is heated by a gas lamp, and the receiver is kept cool, if 
necessary, by a wet cloth, or it may be surrounded with ice 
(fig. 22). 

Liebig's condenser (fig. 23) is a very valuable instrument in the 
laboratory ; it consists of a glass tube bipering from end to end, 
fixed by perforated corks in the centre of a metal pipe, provided 
with tubes so arranged that a current of cold water ma;y^ circulate 
through the apparatus. By putting ice into the little cistern, the 
water may lie kept at 0®, and extremely volatile liquids con- 
densed. 
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^ Tmmm of — Liquids evaporate at temperatures “below 

fueir boiling points; in this case the evaporation takes place 
slowly from the surface. Water, or alcohol, exposed in an open 
vessel at the temperature of the air, gradually disappears; the 
more rapidly, the warmer and drier tlie air. 

This fact was formerly explained by supposing that air and 
gases in general had the power of dissolving and holding in solu- 
tion cerSdn quantities of liquids, and that this power mcreased 
with the temperature ; such an idea is incorrect. 



If a barometer-tut)e l>e ckrefully filled with mercury and in- 
verted in the usual manner, and then a few drops of water passed 
up the tube into the vacuum aliove, a very remarkable effect will 
observed, — the mercury will be depressed to a small extent, 
and this depression w ill incretise with increase of temperature. 
Now, as the space above the mercury is void of air, and the 
weight of the few drops of w’^ater quite inadequate to account for 
this depression, it must of necessity be imputed to the vapour 
which instantaneously rises from the water into the vacuum ; and 
that this effect is really due to the elasticity of the aqueous 
vapour, is easily proved by exposing the barometer to a heat of 
100®, when the depression of tW mercury will be complete, and 
it will stand at the same level within and without the tube ; 
indicating that at that temperature the elasticity of the vapour 
is equal to that of the atmosx>here — a fact which the phenomenon 
of ebullition has already shown. 

By placing over the barometer a wide open tube dipping into the 
mercury below (fig. 24 ), and then filling this tube with water at 
different temperatures, the tension of the aqueous vapour for each 
degree of the thermometer may be accurately determined by its 
depressing effect upon the mercurial column ; the same power 
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which forces the latter dovm one inch against the pressure of the 
atmosphere, would of course elevate a column of mercu^ to the 
same lieight against a vacuum, and in this way the tension may 
he conveniently exjjressed. The following table was drawn up by 
Dalton, to whom we owe the method of investigation : — 


Temperature. 

Tension In 
Jnchos of 

Temperature. 

Tension In 
Inches of 

F. 

c. 

Mercury. 

F. 

u. 

Mercury. 

32** 

0° 

0*200 

ISO® 

54*4* 

4*34 

40 

4*4 

0*263 

140 

60 

6*74 

.50 

10 

0*376 

! 160 

65*6 

7*42 

60 

15-5 

d)*524 

160 

71*1 

9*46 

70 


0*721 

170 

76*6 

12*13 

80 

26*6 

1*000 

180 

82*2 

16*16 

90 

32*2 

1*360 

190 

87*7 

19*00 

100 

37*7 

1*860 

200 

93*3 

23*64 

no 

43*3 

2*530 

212 

100 

80*00 

120 

48*8 

3*330 





Ffg. 24. 


Another table representing the tension of the vapour I 

of wat(T, drawn up by Regnault, is given at the end of I 

tlie work. [ 

Other liquids tried in this manner are found to emit 
vai)oiir8 of greater or less tension, for the same tem- 
p(*rature, acc^mling to their different degi'ees of vola- 
^tility; thus, a little etfier intrcxiuced into the tube 
depresses the mercury 10 inches or more at the ordinary 
temperature of the air ; oil of vitriol, on the other 
hand, does not emit any sensible quantity of vapour 
until a much greater heat is applied ; and that given 
off* by mercury itself in warm summer weather, al- 
though it may be detected by very delicate means, is 
far too little to exercise any effect upon the barometer. 

In the case of water, the evaporation is quite distinct 

and perceptible at the lowest temperatures when frozen ^ 

to solid ice in the barometer-tube ; snow on the ground, 

or on a housetop, may often l>e noticed to vanish, from 

the same cause, day by day in the depth of winter, when melting 

is impossible. 

There exists for each vapour a state of density which it cannot 
pass without losing its gaseous condition, and becoming liquid ; 
this is called the condition of maximum density. When a vola- 
tile liquid is intrcKluced in sufficient quantity into a vacuum, 
this condition is always reached, and then evaporation ceases. 
Any attempt to increase the density of this vapour by compressing 
it into a smaller space will be attended by tne liquefaction of a 
portion, the density of the remainder being unchanged. If a little 
ether be introduced into a barometer, and the latter slowty sunk 
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into a TOfy deep cistern of mercury 26), it will be found that 
tlie height of the column of mercury in the tube above that in the 
cistern remains unaltered until the upper extremity of the baro- 
meter approaches the surface of the metal in the column and all 
the ether has become liquid. It will be observed also, that, as 
the tube sinks, the stratmu of liquid ether increases in thickness, 
but no increase of elastic force occurs in the 
Fig. 25. vapour above it, and consequently, no increase of 
density ; for tension and density are always, under 
— j— ^ ordinary circumstances at least, directly propor- 
tionate to each other. 

The maximum density of vjipoui's is dependent 
upon the temperature ; it increases rapidly as the 
temperature rises. This is well shown in the case 
of water. Thus, taking the spec. grav. of atmo- 
spheric air at lOO"^ = 1000, that of aqueous vapour 
in its greatest state of compression for the teinjKU*- 
atui'e will be as follows : — 


Temperature. 

F. C. 

Specific Gravity. 

Weight of 100 Cubic 
Inches. 

32^ 

0^ 

5*690 

0*136 grains. 

50 

10 

10-293 

0*247 „ 

60 

15 5 

14*108 

0*338 „ 

100 

37*7 

46*500 

1*113 „ 

150 

65*5 

370*293 

4*076 

212 

100 

625*000 

14*962 „ 


! : The last number was experimenbilly found by 

ii Gay-Lussac; the others are calculated from that 

;i , by the aid of Dalton's table of tensions, on the 

j! assumption that steam, not in a state of saturation, 

i; that is, below the point of greatest density, obeys 

j I the laws of Mariotte (which is, however, only ap- 

i; proximately true), and that when it is cooled it 

’ ! contracts lUte the permanent gases. 

Thus, there are two distinct methods by which 
j; a vapour may be reduced to the liquid form — 

pressure J by causing increase of density until tlie 
point of maximum density for a given tempera- 
ture is reached ; and coW, by which the point of 
maximum density is itself lowered. The most 
powerful effects are produced when both are coii- 
joined. 

For example, if 100 cubic inches of vapour of 
water at 100^ F., in the state above described, had its tempera- 
ture reduced to 50° F., not less than 0'89* grain of li^juid water 

♦ 100 cub. inch, aqueous vapour at 100® F., weighing 1‘113 grain, would 
at 50® F. become reauced to 91*07 cub. inch., weighing 0*225 grain. 
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would necessarily separate, or very nearly eight-tenths of the 
whole. 

Evaporation into a space filled with air or gas follows the same 
law as evaporation into a vacuum ; as much vapour rises, and the 
condition of maximum density is assumed in the same manner, as 
if the space were jjerfectly empty ; the sole difference lies in the 
length i f timfe required, wlien a liquid evaporates into a vacumn, 
the poi:it i)( greatest density is attained at once, while in the 
other case some time elapses before this happens: the particles 
of air {q)pear to oppose a sort of mechanical resistance to the rise 
of the vapour. The ultimate effect is, however, precisely the 
same. 

W1k.ji to a quantity of perfectly dry gas confined in a vessel 
closed by mercury, a little water is added, the latter immediately 
begins to evaporate, and after some time as much vapour will be 
found to have risen from it as if no gas had been present, the 
<|uantity depending entirely on the temperature to wliiim the whole 
is subjected. The tension of this vapour will add itself to that of 
the «as, and produce an expansion ot volume, which will be indi- 
cjJitecl by an alteration of level in the mercury. 

Vapour of water exists in the atmos])here at all times, and in 
all situations, and there plays a most important part in the economy 
of nature. The proportion of aqueous vapour present in the air 
is subject to great variation, and it often becomes important to 
dtitermine its quantity. This is easily done by the aid of the 
•foregoing principles. 

Dew-point . — If the aqueous vapour be in its condition of greatest 
possible density for the temperature, or, as it is freouently, but 
most incorn^ctiy, expressed, the air be saturated witn vapour of 
water, the slightest reduction of temperature will cause the deposi- 
tion of a portion in the liquid fonn. If, on the contrary, as is 
almost always in reality the case, the vapour of water be below its 
state of maximum density, that is, in jin expanded contlition, it is 
clear that a consideiaye fall of temperature may occur before 
li(uiefaction commences. The degree at which this takes place is 
called the dew-point, and it is determined with great facility by a 
very simple method. A little cup of thin tin plate or silver, well 
polished, is filled with water at the temperature of the air, and a 
delicate thennometer inserted. The water is then cooled by drop- 
ping in fragments of ice, or dissolving in it powdered sal-ammoniac, 
until moisture begins to make its appearance on the outside, dim- 
ming the bright metallic surface. The temperature of the dew- 
point is then read off upon the thennometer, and compared with 
that of the air. 

Suppose, by way of example, that the latter were 70° F., and the 
dew-point 50° P., the elasticity of the watery vapour present 
woula correspond to a maximum density proper to 50° F., and 
would support a colmnn of mercury 0*375 inch high. If the baro- 
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meter on the spot stood at 30 inches, therefore, 30*625 indies 
woidd be supported by the pressure of the dry air, and the remain- 
ing 0*375 in^ by Ihe vapour. Now, a cubic foot of such a mixture 
must be looked upon as made up of a cubic foot of dry air, and a 
cubic foot of watery vapour, occupymg the same space, and having 
tensions indicated by the numbers just mentionea. A cubic foot, 
or 1728 cubic inches of vapour at 70® F., would becoftie redu^ by 
contraction, according to the usual law, to 1662*8 cubic inches 
at 50® F. ; this vapour would be at its maximum density, having 
the specific gravity pointed out in the table ; hence 1662*8 cubic 
inches would weigh 4*1 1 grains. The weight of the aqueous vajmur 
contained in a cubic foot of air will thus be ascertained. In this 
country the difference between the tempeAtui*e of the air and 
the dew-point seldom reaches 30® F. (16*6°C.) degrees; but in 
the Deccan, with a temperature of 90® F. (32*2® C.), the dew- 
point sinks as low as 29® F., making the degrees of dryness 
61® F* 

Limiefaction of Gases , — The perfect resemblance in everj’^ respect 
which vapours bear to permanent gases, led, veiy naturally, to the 
idea that the latter might, by the application of suitable means, be 
made to assume the liquid state, and this surmise wjvs, in the 
hands of Mr Faraday, to a great extent verified. Out of the small 
number of such substances trie<l, no fewer than eight gave way ; 
ami it is quite fair to infer that, had means of sufficient power been 
at hand, the rest would have shared the same fate, and proved to 
be nothing moi’e than the vapours of volatile liquids in a state very 
far removed from that of their maximum density. The sub- 
joined table represents the results of Faraday^s first inv^estigations, 
with the pressure in atmospheres, and the temperatui*e.s at which 
the condensation takes j)lace. 


Sulphur dioxide. 
Hydrogen sulphide, 
Carbon dioxide, . 

Atmospheres. 

2 

Temperatures, 
F. C. 

45“ 7*2 

* 17 

.50 

10 

36* 

32 

0 

Chlorine, . 

4 

60 

15*5 

Nitrogen monoxide, . 

.50 

45 

7-2 

Cyanogen, 

:V6 

45 

7-2 

Ammonia, 

6*5 

50 

10 

Hydrochloric acid, 

. 40 

50 

10 


The method of proceeding was very simple : the mateiials were 
sealed up in a strong narrow tube, together with a little pressure- 
gauge, consisting of a slender tube closed at one end, and having 
within it, near the open extremity, a globule of mercury. The gas 
being disengaged bv heat, accumulated in the tuVie, and by its own 
pressure brought about condensation. The force required for this 

( 

• Dan i ell, Introduction to Chemical Philosophy, p. 154. 



HEAT. 


45 


purpose wa^judged of by the diminution of volume of the air in 
the gauge. 

By the use of narrow green glass tubes of peat strength, power- 
ful condensing syringes, and an extremely low temperature, pro- 
duced by means to be presently described, olefiant gas, hydriodic 
and hydxobromic acids, phosphoretted hydrogen, and the gaseous 
fluorides of silicon and Won, were successively liquefied. Oxygen, 
hydrogen, nitrogen, nitrogen dioxide, carbon monoxide, and marsh 
gas, refund to liquefy at — 166® F. while subjected to pressures 
varying from 27 to 58 atmospheres. 

Sir fWibard Brunei, and, more recently, M. Thilorier, of Paris, 
succeeded in obtaining liquid carbon dioxide (commonly called 
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carbonic acid) in great abundance. Thilorieris apparatus consists 
of a pair of extremely strong metallic vessels, one of which is 
destined to serve the purpose of a retort, and the other that of a 
receiver. They are made either of thick cast iron or gun metal, 
still better, of the best and heaviest boiler-plate, and are fur- 
nished with stop-cocks of a peculiar kind, the workmanship of 
which must be excellent. The generating vessel or retort has a pair 
of trunnions upon which it swings in an iron frame. The joints 
are secured by collai's of lead, and every precaution is taken to pre- 
vent leakage under the enormous pi-essure the vessel has to bear. 
The receiver resembles the retort in every respect ; it has a similar 
stop-cock, and is connected with the retort by a strong copper 
tube and a pair of union screw-joints ; a tube passes from the 
stop-cock downw\ards, and terminates near the bottom of the 
vessel. 

The operation is thus conducted : 2| lb. of acid sodium carbo- 
nate, and 6^ lb. of water at 100® F., are introduced into the 
generator ; oil of ritriol to the amount of 1^ lb. is poured into a 
copper cylindrical vessel, which is lowered do'wn into the mixture, 
and set upright ; the stop-cock is then screwed into its place, and 
forced home by a spanner and mallet. The machine is next tilted 
up on its trunnions, that the acid may run out of the cylinder and 
mix with the other contents of the ^nerator ; and this" mixture is 
favoured by swinging the whole bacKwards and forwards for a few 
minutes, after wnich it may be suffered to remain a little time 
at rest. 

The receiver, surroxaided with ice, is next connected with tlie 
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& rtor, and both cocks are oMned ; the Kquefi^ crfPbon dioxide 
over into the colder vessd, and there again in part condenses. 
The cocks are now closed, the vessel is disconnected, the cock of the 
generator opened to allow the contained gas to escaw ; and, lastly, 
when the issue of gas has quite ceased^ the stop-cock itself is un- 
screwed, and the soaium sulphate turned out. ^is operation must 
be repeated five or six times before any considerable quantity of 
liquefied carbon dioxide will have accumulated in the receiver, 
when the receiver thus charged has its stop-cock opened, a stream 



of the liquid is forcibly driven up the tube by the elasticity of the 
gas contained in the upper part of the vessel. 

The expeiimenter incurs great personal danger in using this 
apparatus, unless the utmost care be taken in its management. A 
dreadful accident occurred in Paris by the bursting of one of the 
iron vessels. 

Liquid carbon dioxide is also very frequently prepared by means 
of an apparatus constructed by Natterer, of Vienna, which enables 
the experimentalist to work with less risk. The gas, disengaged by 
means of sulphuric acid from acid potassium carbonate, is pumped 
hj means of a force-pump into a wrought-iron vessel, exactly as the 
air is pumped into the receiver of an air-gun. \^en a certain ^ 
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pressure ha^been reached, the gas is liquefied, and if the pump- 
ing be continued, considerable ^antities of the li<juid carbon 
dioxide may be thus obtained. By this apparatus nitrous oxide 
gas has been condensed to a liquid without the use of frigorific 
mixtures. , 

Cold moduced by Evaporation . — This effect has l^een already 
adverted to; it arises from the conversion of sensible heat into 
latent by the rising vapour, and may be illustrated in a variety 
of ways. Ether dropped on the hand produces the sensation 
of great cold ; and water contained in a thin glass tube, sur- 
rounded by a bit of rag, is sjieedily frozen when the rag is kept 
wetted with ether. 

When a little wMer is put into a watch-glass, supported by a 
triangle of wire over a shallow glass dish of sulphuric acid placed on 
the jilate of a good air-pump, the 
whole covered with a low receiver, 
and the air withdrawn as ])erfectly 
as possible, the Avater is in a few 
minutes conveited into a solid mass 
of ice. The absence of the iinjiedi- 
luent of the air, and the rapid 
absoTOtion of watery vapour by the 
oil of vitriol, induce such quick evaj)oration that thfi water has 
its temperature almost immediately reduced to the freezing- 
point.* 

^ The same apjiaratus is constantly used in the laboratory for 
diying substances Avhich cannot bear heating without decomposi- 
tion. Frequently also the air-pump is dispensed Avith, and the 
substance to be dried is simply placed over a vessel containing 
strong sulphuric acid, quicklime, or some other substance Avliich 
absorbs moisture wery rapidly, and covered over with a bell-jar. 
Such an apparatus, Avith or without the air-pump, is called an 
Exsiccator. 

All means of producing artificial cold yield to that derived 
from the evaporation of the liquefied carbon dioxide just men- 
tioned. When a jet of that liquid is allowe<l to issue into the 
air from a narrow 'aj>erture, so intense a degree of cold is produced 
by the vaporisation of a part, that the remainder freezes to a solid, 
and falls in a shoAver of snow. By suffering this jet of liquid to 
flow into the metal box shown in fig. 27 , a laige quantity of the 
solid oxide may l)e obtained ; it plosely resembles snow in appear- 
ance, and when held in the hand occasions a painful sensation of 
cold, while it gradually diaappeai*s. Wlien it is mixed with a 
little ether, and poured upon a mass of mercury, the latter is 
almost instantly frozen, and in this way pounds of the solidified 
metal may be obtained. The addition of the ether facilitates the 
contact of the carbon dioxide with the mercury. 

The temperature of a mixture of solid carbon dioxide and ether 


Fig. 28. 
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in the air, measured by a spirit-thermometer, was found to be 
— 106® F., when the same mixture was placed beneath the receiver 
of an air-pump, and exhaustion rapidly made, the temperature 
sank to —166® F. This was the method of obtaining extreme 
cold employed by Faraday in his last experiments on the lique- 
faction of gases. Under such circumstances, the liquefied hydri- 
odic and nydrobromic acids, sulphur dioxide, carbon dioxide, 
nitrogen monoxide, hydrogen sulphide, cyanogen, and ammonia, 
froze to colourless transparent solids^ and alcohol became thick 
and oily. 

Determination of the Specific Gravity of Gases and Vapours , — To 
determine the specific gravity of a gas, a large glass globe is filled 
with the gas to be examined, in a perfectly pure and dry state, 
having a known temperature, and an elastic force equal to that of 
the atmosphere at the time of the experiment. The globe so filled 
is weighed. It is then exhausted at the air-pump as far as pos- 
sible, and again weighed. Lastly, it is fillecT witli dry air, the 
temperature and pressure ,of which are known, and its weight once 
more determined. On the supposition that the temperature and 
elasticity are the same in both cases, the specific gravity is at 
once obtained by dividing the weight of the gas by that of the 
air. 

The globe or flask must be made very thin, and fitted with a 
brass cap, surmounted by a small but excellent stop-cock. A deli- 
cate thermometer should be placed in the inside of the globe, 
secured to the cap. The gas must be generated at the moment, . 
and conducted at once into the previously exhausted vessel, through 
a long tube filled >vith fragments of pumice moistened with oil of 
vitriol, or some other extremely hy^oscopic substance, by which 
it is freed from all moisture. As the ^ is necessarily generated 
under some pressure, the elasticity of that contained in the filled 
globe will slightly exceed the pressure of the atmosphere; and 
this is an advantage, since, by opening the stop-cock for a single 
instant, when the globe has attained an equilibrium of tempera- 
ture, the tension becomes exactly that of the air, so that all baro- 
metrical correction is avoided, unless the pressure of the atmosphere 
should sensibly vary during the time occupied by the experiment. 
It is hardly necessary to observe that the greatest care must also 
be taken to purify and dry the air used as the standard of com- 
parison, and to bring both gas and air as nearly as possible to the 
same temperature, so as to obviate the necessity of a correction, or 
at least to reduce almost to nothing the errors involved by such a 
process. 

Vapours , — ^A large glass globe about three inches in diameter 
is taken, and its neck softened and drawn out in the blowpipe- 
Jlaxne, as represented in fig. 29 ; this is accurately weighed. 
About 100 fpains of the volatile liquid are then introduced, by 
gently wanzung the globe and dipping the point into the liquid, 
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which is then forced upwards by the pressure of the air as the 
vessel cools. The globe is next firmly attached by wire to a 
handle, in such a manner that it may be 
plunged into a bath of boiling water or heated 
oil, and steadily held with the point projecting 
upwards. The bath must have a temperature 
considerably above that of the boiling point 
of the liquid. The latter becomes rapidly 
converted into vapour, which escapes by the 
narrow orifice, chasing before it the air of 
the globe. When the issue of vapour has 
wholly ceased, and the temperature of the 
bath apjjears prettj^ uniform, the open ex- 
tremity of the point is heimetically sealed by 
a small blowpipe-flame. The globe is removed 
from the bath, suffered to cool, cleansed if 
necessary, and weighed, «after which the neck is 
broken off beneath the surface of water which 
has l)een boiled and cooled out of contact of 
air, or (better) of mercury. The liquid enters the globe, and, if 
the expulsion of the air by the vapour has been complete, fills it ; 
if otherwise, an air-bubble is left, whose volume can be easily 
ascertained l3y pouring the liquid from the globe into a graduated 
jar, and then refilling the globe, and repeating the same observa- 
tion. The capacity of the vessel is thus at the same time known ; 
and these are all the data required.* An example will render 
the whole intelligible. 



Petermiimtion of the Vapour-demity of Acetone. 


Capacity of globe, .... 
Weight of globe filled with dry air at 
52® F. and 30*24 inches barometer, 
Weight of globe filled mth vapour at 
212® F. temp, of the bath at tne mo- 
ment of sealing the point, and 30*24 
inches barometer, .... 
Residual air, at 45® F. and 30*24 inches 
barometer, ..... 


31*61 cubic inches. 
2070*88 grains. 


2076*81 grains. 

0*60 cubic inches. 


31*61 cubic inches of air at 52® and 30*24 in. bar. == 32*36 cub. 
inches at 60® F. and 30 inch bar., weighing . 10*036 grains. 

* Messrs Playfair and Wanklyn have described an important modification 
of this process, whereby the densities of a vapour at temperatures below 
the boiling point of the liquid may be determined. This object is attained 
by mixing tne vapour of the body with a measured volume of a permanent 
gas— hydrogen, for instance. — Journ. of the Chem. Soc. vol. xv. p. 143. 
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Hence, weight of empty globe, 2070*88 — 10-036 == 2060*846 
grains. 

0*6 cubic inch of air at 45® = 0*8 cub. inch at 212®; weight of do. 
by calculation=0*191 grain. 

31*61 — 0*8 = 30*81 cubic inches of vapour at 212® and 30*24 in. 
bar., which, on the supposition that it uxmld bear cooling to 60® 
withmit liquefaction^ woubl, at that temperature, and under a 
pressure of 30 inch, bar., become reduced to 24*18 cubic 
inches. 

Hence, 

Weight of globe and vapour, . . . 2076*810 grains. 

„ residual air, . . . 0*191 


2076*619 

Weight of globe, ..... 2060*845 


Weight of the 24*18 cubic inches of vapour, 15*774 
Consequently, 100 cubic inches of such vapour 

must weigh . . . . . . 65*23 

100 cubic inches of air, under similar circum- 
stances, weigh 31*01 


65*23 

31*01 


=2*103, the specific gravity of the vapour in question, air 


being unity. 

Or, the weiglit of 1(X) cubic inches of hydrogen being 2*147 grains? 


2"14 


=30*38 is the specific gravity of acetone vapour referred to 


hydrogen as unity. 


In the foregoing statement, we have, for the sake of simplicity, 
omitted a correction, which, in very exact experiments, must not 
be lost sight of, viz., the expansion and change of capacity of the 
glass globe by the elevated temperature of the bath. ‘ The density 
BO obtained will be always on this account a little too high. 

The error of , the mercurial thermometer at high temperatures 
is in the opposite direction. 

The preceding method, which is that of Dumas, is applicable to 
the determination of the vapour-densities of all substances whose 
boiling points are mthin the range of the mercurial thermometer, 
that is to say, not exceeding 306® C., and therefore to nearly all 
volatile organic compounds ; indeed, there are but few such com- 
pounds which can bear higher temperatures without decomposi- 
tion. But for mineral substances, such as sulphur, iodine, volatile 
met^lic chlorides, &c., it is often necessary to employ much higher 
temperatures ; and for such cases a modification of the process has 
been devised by Deville and Troost. It consists in using a globe 
of porcelain instead of glass, heating it in the vapour of a substance 
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•whose boiling point is known and constant, and sealing the globe 
hy the flame of the oxy-hvdrogen blowpipe. The vapours em- 
ployed for this purpose are those of mercury, which boils at 350® C. ; 
of sulphur, which boils at 440® ; of cadmium, boiling at 860® ; and 
of zinc, boiling at 1040®. The use of these liquids of constant 
boiling point obviates the necessity of determining the temperature 
in each experiment, which at sucK degrees of heat would be very 
difficult. 

In the processes above described, the density of a vapour is deter- 
mined by weighing the quantity of the vapour contained in a 
vessel of knoAvn capacity. Another method, devised by Gay- 
Lussac, consists in ascertaining the volume occupied by a given 
weight of substance when heated up to a temperature considerably 
above its boiling point. 

The density of a vapour referred to air as unity may be con- 
verted into that which it has compared with hydrogen, by dividing 
by 0*06926, the specific gravity of hydrogen referred to air as 
unity. 

SOURCES OP HEAT. 

The first and greatest source of heat, compared w*ith which all 
others are totally insignificant, is the sun. The luminous rays are 
accompanied by heat-rays, wdiich, striking against the surface of 
the earth, raise its teni]>erature ; this heat is communicated to 
tlie air hy convection, as already described, air and gases in general 
not being sensibly lieated by the pasvsage of the rays. 

A second source of heat is sujqxjsed to exist in the interior of 
the earth. It has bi^eii observed that, in sinking mine-shafts, 
boring for water, &c., tlie temperature rises, in descending, at the 
rate, it is said, of about 1® F. (S® C.) for eveiy 45 feet, or 117® F. 
(65® C.) per mile. On the supposition that the rise continues at 
the same rate, the earth, at the depth of less than two miles, would 
have the temperature of boiling water ; at nine miles, it w*ould be 
red-hot ; and at thirty or forty miles depth, all known substances 
would be in a state of fusion.* 

Acconling to this idea, the earth must be looked upon as an 
intensely heated fluid spheroid, covered with a ciTist of solid 
l>adly conducting matter, coolecl by rwliation into space, and bear- 
ing somewhat tlie same proportion in thickness to the ignited 
liquid within, that the shell of an egg bears to its fluid contents. 
Without venturing to offer any opinion on this theory, it may be 
sufficient to observe that it is not positively at variance with any 
knowrn fact ; that the figure of the earth is really such as would 

♦ The Artesian wxll at Grenelle, near Paris, has a depth of 1774*5 Eng- 
lish feet ; it is bored through the chalk basin to the sand beneath. The 
temperature of the w*ater, whicli is exceedingly abundant, is 82* F. ; the 
mean temperature of Paris is 5V F. ; the difference is 31® F., which gives 
a rate of about 1® for 68 feet. 
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be joined by a fluid mass j and, lastly, that it oflers the best 
explanation we nave of the phenomena of hot springs and vol- 
canic eruptions, and agrees with the chemical nature of their 
products. 

Among the other sources of heat are chemical combination and 
mechanical work. 

The disengagement of heat in the act of combination is a 
phenomenon of the utmost generality. The quantity of heat given 
out in each particular case is fixed and definite ; its intensity is 
dependent upon the time over which the action is extended. 
Many admirable resem*ches on tliis subject have been published ; 
but their results vdll be more advantageously considered at a later 
part of this work, in connection with tlie laws of chemical combi- 
nation. 

Heat produced by Mechanical Work , — Heat and motion are con- 
vertible one into the other. The powerful mechanical eflects pro- 
duced by the elasticity of the vapour evolved from heated liquids 
afford abundant illustration of the conversion of heat into motion ; 
and the production of heat by friction, by the hammering of 
metals, and in the condensiition of gases (p. 32), shows with equal 
clearness that motion may Ije converted into heat. 

In some cases the rise of temperature thus produced appeal’s to 
l)e due to a diminution of heat-cajxicity in the body operated upon, 
as in the case of a compressed gas just alluded to. Malleable 
metals, also, as iron and cop|>er, which become heated by hammei - 
ing or powerful pressure, are found thereby to have their density 
sensibly increased, and their c^ipacity for heat diniinished. A soft 
iron nail may be made red hot by a few dexterous blows on an 
anvil ; but the experiment cannot }ye repeated until the metal lias 
been annealed j and in that manner restored to its former physical 
state. 

But the amount of heat which can be developed by mechanical 
force is, in most cases, out of all proportion to what can be 
accounted for in this way. Sir H. Davy melted two pieces of ice 
by rubbing them together in a vacuum at the temperature of 0^ ; 
and Count Rumford found that the heat developed by the boring 
of a brass cannon was sufficient to bring to the boiling point two 
and a half gallons of water, while the dust or shavings of metal 
cut by the borer, weighed only a few ounces. In these and all 
similar cases the heat appears as a direct result of the force ex- 
pended ; the motion is converted into heat. 

The connection between heat and mechanical force appears still 
more intimate when it is shown that they are related hy an exact 
numerical law, a given quantity of the one being always con- 
vertible into a definite amount of the other. The first approxi- 
mate determination of this most important numerical relation was 
made by Count Rumford in the manner just alluded to. A brass 
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cylinder enclosed in a box containing a known weight of water at 
F, was bored by a steel borer made to revolve by horse power, 
and the time was noted wliich elapsed before the water was raised 
to the boiling point by the heat resulting from the friction. In 
this manner it was found that the heat required to raise the tem- 
perature of a lb, of water by 1° F. is equivalent to 1034 times the 
force expended in raising a lb, weight one foot high, or to 1034 
“foot-lbs.,” as it is technically expressed. This estimate is now 
known to be too high, no account having been taken of the heat 
communicated to the containing vessel, or of that which was lost 
by dispersion during the experiment. 

For tlie most exact determinations of the mechanical equivalent 
of heat we are indebted to the careful and elaborate researches of 
Dr J. P. Joule, From experiments made in the years 1840-43 on 
the rel ations between the heat and mechanical power generated by 
the electric current, Dr Joule was led to concluae that the heat re- 
<[uired to raise tlie temperature of a lb. of water V F, is equiva- 
lent to 838 foot-lbs. This he afterwards reduced to 772 ; and a 
nearly equal result was afterwards obtained by experiments on 
the condensation and rarefaction of gases ; but this estimate has 
since been found to l)e likewise too great. 

The most trustworthy results are obtained by measuring the 
quantity of heat generated by the friction between solids and 
liquids. It was for a long time believed that no heat was evolved 
by the friction of li(j[uids and gases. But in 1842 Meyer showed 
ihat the temperature of water may be raised 22° or 23° F. b}’ 
agitating it. The warmth of the sea after a few days of stormy 
weather is also probably an effect of fluid friction. 

The apj)aratus era j Joyed by Dr Joule for the determination of 
this important constant, by means of the friction of w'ater, consisteil 
of a brass paddle-wheel fur- 
nished with eight sets of re- ^"*6- 
volving vanes, working be- 
tween four sets of stationary 
vanes. This revolving appii- 
ratus, of which fig. 30 shows 
a horizonbil, and fig. 31 a 
vertical section, W'as firmly 
fitted into a copper vessel 
(see fig. 32) containing water, 
in the lid of which were two 
necks, one for the axis to 
revolve in without touching, 
the other for the insertion of 
a thermometer. A similar 



apmKitus, but made of iron, 

and of smaller size, having six rotatory and eight sets of stationary 
vanes, was used for the experiments on the friction of mercury. 
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The apparatus for the friction of cast-iron consisted of a vertical 
ATift carrying a bevelled cast-iron wheel, against which a bevelled 
wheel was pressed by a lever. The wheels were enclosed in a 
cast-iron vessel filled with mercury, the axis passing through the 
lid. In each apparatus motion was given to the axis by the 
descent of leaden weights w (fig. 32) suspended by strings from 
the axis of two wooden pulleys, one of which is shown at p, their 
axes being supported on friction wheels d d, and the pulleys being 



Flff 32. 



connected by fine twine with a wooden roller r, which, by means 
of a pin, could be easily attached to or removed from the friction 
apparatus. 

The mode of experimenting was as follows : — The temperature 
of the frictional apparatus having been ascertained, and the weights 
wound up, the roller was fixed to the axis, and the precise height 
of the weights ascertained ; the roller was then set at libeily, and 
allowed to revolve till the weights touched the floor. The roller 
was then detached, the weights wound uj> again, and the friction 
renewed. This having been repeated twenty times, the exjxm- 
ment was concluded with another observation of the teniperature 
of the apparatus. The mean temperature of the apartment was 
ascertained by observations made at the beginning, middle, and 
end of each exi)eriment. Corrections were made for the effects of 
radiation and conduction ; and, in the experiments with water, for 
the quantities of heat absorbed by the copper vessel and the 
paddle-wheel. In the expeiiments with mercury and cast-iron, 
the heat-capacity of the entire apparatus was ascertained by 
observing the heating effect which it produced on a known 
quantity of water in which it was immersed. In all the experi- 
ments, corrections were also made for the velocity with which the 
we^bts came to the ground, and for the friction and rigidity of 



HBAT. 


65 


the strings. The thermometers used were capable of indicating a 
variation of temperature as small as of a depee Fahrenheit. 

The following table contains a summary of tne results obtained 
by this method. The second column gives the results as they 
were obtained in air ; in the third column the same results cor- 


rected for a vacuum 

- 



Mateilal 

Equivalent 

Equivalent 

Mean. 

employed. 

in air. 

in vacuum. 

Water, 

773-640 

772-692 

772-692 

Mercury, 

f 773-762 
• 1776-303 

772-814 ) 
775-352 1 

774-083 

Cast-iron, . . ^ 

( 776-997 
• 774-880 

776-045 f 
774-930 J 

774-987 


In the experiments with cast-iron, the friction of the wheels pro- 
duced a considerable vibration of the framework of the apparatus, 
and a loud sound ; it was therefore necessary to make allowance 
for the quantity of force expended in producing these effects. The 
number 772‘(j92, obtained hy the friction of water, is regarded as 
the most trustworthy ; but even this may be a little too high ; 
beciiuse even in the friction of fluids it is impossible entirely to 
avoid vibration and sound. The conclusions deduced from these 
experimeuts are — 

1, That the quantity of heat frodueed by the friction of bodies^ 
whether solid or liquid^ is always proportional to the force expended, 

2. That the qwmtity of heat capable of iwreasiny the temperature 
of 1 lb, of water {weighed in vacuo^ and between 55° and 60°) try 1° F,j 
requires for its evolution the expenditure of a nuchanical force repre- 
sented by the fall of 112 lbs. through the space of 1 foot. 

Or^ the heat capable of increasing the temperature of 1 gram of 
water by 1° C., is equivalent to a force represented by the fall of 423*65 
grams through the space of 1 meter. This is consequently the effat 
of “ a unit of heat” 

Experiments made by other philosophers on the work done by 
a steam-engine, on the heat evolved by an electro-magnetic engine 
at rest and in motion, and on the htMit evolved in the circuit of a 
voltaic battery and in a metallic wire through which an electric 
current is ]>assing, have given values for the mechanical equivalent 
of heat very nearly equal to the above. 


DYNAMICAL THEORY OF H*AT. 

For a very long time two rival theories have been held regard- 
ing the nature of he^it : on the one hand, heat has been viewed as 
having a material existence, though differing from ordinary matter 
in being without weight, and in other respects ; on the other 
hand, it has been regarded as a state or condition of oidinaiy mat- 



56 


HEAT. 


ter, and generally as a condition of motion. From the latter port 
of the last century, imtil the modem researches upon the mecha- 
nical equivalent, the fomier view had by far the greater number of 
actterents. Its popularity mav be chiefly traced to the teaching 
of Black and Lavoisier. By the former of these philosophers, the 
various capacities for heat, or specific heats, of different bodies, 
seem to have been regarded as analogous to the various propor- 
tions of the same acid required to neutralise equal quantities of 
different bases, while the solid, liquid, and gaseous states were ex- 
plained by Black as representing so many distinct proportions 
in which heat was capable of combining with ordinary matter. 
Very similar \dews were advocated by Lavoisier : he regarded all 
gases as compounds of a base characteristic of each, with caloric^ 
and supposed that when, as the result "^of chemical action, they 
assumed the liquid or solid state, this caloric wus set free, and ap- 
peared as sensible heat. 

Heat was compared by these philosophers to a material sub- 
stance, in order to explain its then known (quantitative relations ; 
and from this point of view the conception introduced by them 
had the great advantage of being more easily grasped than any 
which the advocates of the immaterial nature of heat had to offer 
in its place. It was much easier to conceive of definite (quantities 
of an exceedingly subtile substance or fluid, than of definite quan- 
tities of motion, which w^as itself undefined as to its nature. It 
was a direct consequence of the material view, that heat should be 
considered as indestructible and as incapable of being produced, « 
and therefore that the total quantity of heat in the universe shouhl 
be regarded as at all times the same. 

But, on the other hand, this hypothesis did not afford a satis- 
factory emlanation of the production of heat by mechanical 
means. Here it was not easy to deny the actual generation of 
heat, or to explain the effects as depending merely on its altered 
distribution. Nevertheless, the evolution of heat by friction and 
percussion was generally considered, by the advocates of the mate- 
rial view, as in some way resulting from a diminution in the capa- 
cities for heat of the boiUes operated upon ; and this explanation 
derived considerable support from the remark, mmle by Black, 
that a piece of soft iron, which has been once made reel hot by 
liammering (see p. 62 ), cannot be so heated a second time until it 
has been heated to redness in a fire and allowed to cool. In this 
case, certainly, it seem^ as though the hammering forced out 
heat from the mass iron, like water from a sponge, and that a 
fresh supply was taken up when the iron was put in the fire. 
This exphination, however, did not satisfy Bumford, who, in the 
investigation described above, made direct experiments upon the 
specific heat of the chips of metal detached by the friction, and 
found it to he identical wdth that of brass under ordinary dieum- 
staneea Still more dedaive proof that 
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friction cannot be ascribed to a diminution of specific heat in the ^ 
substances operated on was afforded by Davy's experiment on the 
liquefaction of ice by friction ; for in this case the ice was con- 
verted into a liquid having twice the specific heat of the ice itself. 
Hence Davy* drew the conclusion that, ‘‘ The immediate cause of 
the phenomena of heat is motion, and the laws of its communica- 
tion are precisely the same as the * .ws of the commimication of 
motion.” 

The mechanical, or dynamical theory, which regarded heat as 
consisting in a state of molecular motion, cannot however be said 
to have been definitely established, until it also was made quanti- 
tative, — until it was shown that exact numerical laws regulate the 
I)roduction of heat by work or of work by heat, equally with its 
production during solidification and disapirearanee during fusion. 

To illustrate the general nature of the dynamical theory of heat, 
we give an outline of the view of the constitution of gases, first 
jnit forwaril, in its present form, by Joule ;t and subsequently 
developed by Krdnig,t and Clausius, § and of the explanation of 
the relations existing between solids, liquids, and gases, which has 
been deduced from it by the last-namea philosopher. 

First, then, it is assumed that the particles of all bodies are in 
constant motion, and that this motion constitutes heat, the kind 
and quantity of motion varying according to the state of the body, 
whether solid, Ihiuid, or gaseous. 

In gases, the molecules — each molecule being an aggregate of 
atoms — are suppostnl to be constantly moving forward in straight 
lines, and with a constant velocity, till they impinge against each 
other, or against an impenetinble wall. This constant impact of 
the molecules produces tne expansive tendency or elasticity which 
is the peculiar characteristic of the gaseous state. The rectilinear 
movement is not, however, the only one with which the particles 
are affected. For the impact of tw^o molecules, unless it takes 
place exiictly in the line joining their centres of gravity, must give 
rise to a rotatory motion ; and, moreover, the ultimate atoms of 
which the molecules are composed may be supposed to vibrate 
wdthin certain limits, being, in fact, thrown into vibration by the 
impact of the molecules. This vibmtory motion is called by 
Clausius, the motimi of the cmistitiicnt atoms. The total quantity 
of heat in the gas is made up of the progressive motion of the 
molecules, together wdth the v]n>ratory and other motions of the 
constituent atoms ; but the progressive motion alone, which is the 
cause of the expansive tendency, determines the temperature. . 
Now, the outward pressure exerted by the gas against the contain- 
ing envelope arises, according to the hypouiesis under considera- 
tion, from the impact of a great numl^r of gaseous molecules 

Elements of Chemical Philosophy, 1812, pp, 94, 95. 

Ann. Ch. Phys. [8] 1. 881. J Pogg. Ann. xcix. 815. § Ibid. 858. 
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Bgaii^ the aides of the vessel But at any given temperature, 
that ii^ with any given velocity, the number of such impacts taking 
p^e in a ^ven time must vary inversely as the volume of the 
given quantity of gas : hence tM j^esmre varies inversely as the 
volume or directly as the density ^ which is Boyle^s law. 

When the volume of the gas is constant, the pressure resulting 
from the immct of the molecules is proportional to the sum of the 
masses of all the molecules multiplied into the squares of their 
velocities ; in other words, to the so-called vis viva or working force 
of the progressive motion. If, for example, the velocity be 
doubled, each molecule will strike the sides of the vessel with a 
two-fold force, and its number of impacts in a given time wdll also 
be doubled ; hence the total pressure will be quadrupled. 

Now, we know that when a given quantity of any perfect gas is 
maintained at a constant volume^ it tends to expand by of its 
bulk at zero for each degree centigrade. Hence the pressur*' or 
ehistic force increases proportionally to the temperature reckoned 
from — 273° C. ; that is to say, to the absolute temperature. Con- 
sequently, the absolute temperature is proportional to the working 
force of the progressive motion* 

Moreover, as the motions of the constituent particles of a gas 
depend on the manner in which its atoms are united, it follows 
that in any given gas the different motions must be to one another 
in a constant ratio ; and, therefore, the vis viva or working force of 
the progressive motion must be an aliquot part of the entire work- 
ing force of the gas : hence also the absolute temperature is pro-# 
portional to the total working force arising from all the motions of 
the particles of the gas. 

From this it follows that the quantity of heat which must be 
added to a gas of constant volume m order to raise its temperature 
by a given amount, is constant and independent of the tempera- 
ture. In other words, the sj>ecific heat oi a gas referred to a given 
volume is constant, a result which agrees? with the experiments of 
Regnault, mentione<l at p. 31. This result may be otherwise 
expressed, as follows : — The total or working force of the gas is to 
the working force of the progressive motion of the molecules^ which is 
the mmmre of the temperature^ in a constant ratio. This ratio is 
different for different gases, and is greater as the gas is more com- 
plex in its constitution ; in other words, as its molecules are made 
up of a greater number of atoms. The sj>ecific heat referred to a 
constant pressure is known to differ from the true specific heat 
only by a constant quantity. 

The relations just considered between the pressure, volume, and 
temperature of gases, presuppose, however, certain conditions of 
molecular constitution, whicn are, perhaps, never rigidly fulfilled ; 
and, accordingly, the experiments of Magnus and Regnault show 
(p. 27) that gases do exhibit slight deviations from Gay-Lussac 
and Boyle^s laws. What the conditions arc which strict a^erence 
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to these laws would require, will he better understood by con- 
sidering the dhSerenccs of molecular constitution which must exist 
in the solid, liquid, and gaseous states. 

A movement of molecules must be supposed to exist in all three 
states. In the solid state^ the motion is such that the molecules 
oscillate about certain positions of equilibnum, which they do not 
quit, unless they are acted upon by external forces. This vibra- 
tory motion may, however, be of a very complicated character. 
The constituent atoms of a molecule may vibrate separately, the 
entire molecules may also vibrate as such about their centres of 
gravity, and the vibrations may l#e either rectilinear or rotatoiy. 
Moreover, when extraneous forces act upon the body, as in shocks, 
the molecules may iiermanently alter their relative positions. 

In the liquid state^ the molecules have no determinate positions 
of eq lilfbiium. They may rotate completely about their centres 
of gravity, and may also move foiward into other positions. Eut 
the repulsive action arising from the motion is not strong enough 
to overcome the mutual attraction of the molecules, and separate 
them comj)letely from each other. A molecule is not permanently 
associated W'ith its neighbours, as in the solid state ; it does not 
leave them spontaneously, but only under the influence of forces 
exerted upon it by other molecules, with which it then comes into 
the same relation as with the former. There exists, therefore, in 
the liquid shite, a vibratory, rotatoiy, and progressive movement 
of the molecules, but so regulated, that they are not thereby forced 
asunder, but remain within a certain volume without exerting any 
outward pressure. 

In the gaseous state, on the other hand, the molecules are 
removed quite beyond the sphere of their mutual attractions, and 
travel onward in strjiight lines ai^cording to the onlinary laws of 
motion. Wlien two such molecules meet, they fly apart from each 
other, for the most part with a velocity equal to that with which 
they came together. The perfection of the gaseous state, however, 
implies : — 1. That the space actually occupieil by the molecules of 
the gas he infinitely small in comparison with the entire volume 
of tlie gas ; 2. That the time occupied in the impact of a molecule, 
either against another molecule or against the sides of the vessel, 
he infinitely small in comparison with the interval betw een any 
two imjjacts; 3. That the influence of the molecular forces he 
infinitely small. When these conditions are not completely ful- 
filled, the gas partakes more or less of the nature of a liquid, and 
exhibits certain deviations from Gay-Lussac and Boyle’s Jaws. 
Such is, indeed, the case with all known gases ; to a very slight 
extent with those which have not yet been reduced to the liqui<l 
state ; hut to a greater extent with vapours and condensable gases, 
especially near the points of condensation. 

Let us now return to the consideration of the liquid state. It 
has been said that the molecule of a liquid, when it leaves those 
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wiA which it 18 associated, ultimately takes up a similar position 
with regard to other molecules.^ This, however, does not nreclude 
the existence of considerable iiregulmties in the actual move- 
tnents. Now, at the surface of the liquid, it may happen that a 
pmrticle, by a peculiar gombination of the rectilinear, rotatory, and 
vibratory movements, may be projected from the neighbourii^ 
molecules with such force as to throw it completely out of their 
sphere of action, before its projectile velocity can be annihilated by 
the attractive force which they exert upon it. The molecule will 
then be driven forward into the space above the liquid, as if it 
belonged to a gas, and that space, if originally empty, will, in con- 
sequence of the action just described, become more and more filled 
with these projected molecules, which will comport themselves 
within it exactly like a gas, impinging and exerting pressure upon 
the sides of the envelope. One of these sides, however, is foimed 
by the surface of the liquid, and when a molecule impinges upon 
this suiface, it will, in general, not be driven back, but retained 
by the attractive forces of the other molecules. A state of equili- 
brium, not static, but dynamic, will therefore be attained, when 
the number of molecules projected in a given time into the sjmce 
above, is eqmd to the number which in the same time impinge 
upon and are retained by the surface of the liquid. This is the 
process of vaporisation. The density of the vapour recjuired to 
ensure the compensation just mentioned, depends ujH>n the rate at 
which the particles are projected from the surface of the liquid, and 
this again upon the rapidity of their movement wathin the liquid, • 
that is to say, upon the temperature. It is clear, therefore, that the 
I density of a satiu*ated vapour must increase witli the temjierature. 

If the spiice above *the liquid is previously filh^l with a gas, the 
molecules of this gas will impinge upon the surface of the liquid, 
and thereby exert pressure iiixm it ; but as these gas-molecules 
occupy but an extremely small proportion of the space aliove the 
liquid, the reticles of the liquid w ill l)e projected into that spjice 
almost as if it were empty. In the middle of the liquid, however, 
the external jiressure of the gas acts in a diiferent manner. There 
also it may happen that the molecules may be separated with such 
force as to produce a small vacuimi in the midst of the licpiid. 
But this space is surrounded on all sides by masses which atfonl 
no passage to the disturbed molecules ; and in order that they may 
increase to a permanent vaxiour-bubble, the number of molecules 
projected from the inner surface of the vessel must 1x5 such as to 
produce a pressure outw'ards equal to the external pressure tending 
to compress the vapour-bubble. The boiling of the liquid will, 
therefore, be higher as the external pressure is greater. 

According to this view of the process of vaporisation, it is pos- 
sible that vapour may rise from a solid as well as from a liquid ; 
but it by no means necessarily follows that vapour must be formed 
from all bodies at all temperatures. The force which holds to- 
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gether the molecules of a body may be too great to be overcome 
by any combination of molecular movements^ bo long aa the tem- 
perature does not exceed a cert^ limit 

The production and cormmption of heat which accompany changes 
in the state of a^^egation, or of the volume of bodies, are eainly 
explained, according to the preceding principles, by takmg account 
of the vxyrk done by the acting forces. This work is partly external 
to the body, partly internal. To consider first the vntcrml work ; 

When the molecules of a body change their relative positions, 
the change may take place either in accordance with or in opposi- 
tion to the action of the molecular forces existing within the body. 
In the former case, the molecules, during the passage from one 
state to the other, have a certain velocity imparted to mem, wliicli 
is immediately converted into heat ; in the latter case, the velocity 
of their movement, and consequently the temperature of the body, 
is diminished. In the passage from the solid to the liquid state, 
the molecules, although not removed from the spheres of their 
mutual attractions, nevertheless change their relative positions in 
opposition to the molecular forces, which forces have, tnerefore, to 
be overcome. In evapomtion, a certain number of the molecules 
are comj)letely separated from the remainder, which again implies 
the overcoming of opposing forces. In both cases, thei'efore, work 
is done, and a certain portion of the working force of the molecules, 
that is, of the heat of the Ixnly, is lost. But when once the perfect 
gaseous state is attained, the molecular forces are completely over- 
come, anil any further expansion may take place %vithout internal 
work, and, tlierefore, witnout loss of he^it, provided there is no 
external resistance. 

But in nearly all cases of change of shite or volume, there is a 
certain amount of external resistance to be overcome, and a corre- 
sponding loss of heat. When the pressure of a gas, that is to say, . 
the impact of its atoms, is exerted agiiinst a moveable obstacle, j 
such as a piston, the molecules lose just so much of their moving I 
power as they liave imparted to the piston, and, consequently, I 
their velocity is diminished and the temperature lowered. On the } 
contrary, when a gas is compressed by the motion of a piston, its j 
molecules are driven back with greater velocity than that with 
which they impinged on the piston, and, consequently, the tein- [ 
perature ot the gas is raisetl. 

When a licpiid is converted into vapour, the molecules have to 
overcome the atmospheric pressure or other external resistance, 
and, in consequence of this, together with the internal work already 
spoken of, a large quantity of heat disappears, or is rendered latent^ 
the quantity thus consumed beins, to a considerable extent, affected 
by the external pressure. The liquefaction of a solid not l>eing 
attended with much increase of volume, involves but little external 
work ; nevertheless the atmospheric pressure does influence, to a 
slight amount, both the latent heat of fusion and the melting point. 
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Two views have been entertained respecting the nature of l^ht 
Sir Isaac Newton imagined that luminous l^ies emit^ or shoot 
oot, infinitely small particles in straight lines, which, by penetrat- 
ing the transpar^t parts of the eye and falling upon the nervous 
tissue, produce vision* Other philosophers drew a parallel between 
the properties of light and those of sound, and considered that, as 
sound is certainly the effect of undulations, or little waves, pro- 
pagated through elastic bodies in all directions, so light might be 
nothing more than the consequence of similar undulations trans- 
mitted with inconceivable velocity through a highly elastic medium, 
of excessive tenuity, filling all space, and occupying the intervals 
between the particles of material substances. To this mediimi 
they gave the name of ether. The wave hypothesis of light is at 
present generally adopted. It is in harmony with all the known 
phenomena discovered since the time of Newton, not a few of 
which were first deduced from the undulatory theory, and after- 
wards verified by experiment Several well-known facts are in 
direct opposition to the theory of emission. 

A ray of light emittetl from a luminous body proceeds in a 
straight line, and with extreme velocity. Certain astronomical 
observations afford the means of approximating to a knowledge of 
this velocity. The satellites of Jupiter revolve about the planet 
in the .same maimer as the moon al>out the earth, and the time 
required by each satellite for the purpose is exactly known fi*om 
its periodical entry into or exit irom the sha<low of the planet. 
The time required by one is only 42 hours. Romer, the astronomer 
of Copenhagen, found that this ])ericKl appeare<l to l>e longer when 
the earth, in its passage round the sun, moved from the planet 
Jupiter; and, on the contrary, he obsen^ed that the periodic time 
appeared to be shorter when the earth move<l in the direction to- 
wards Jupiter. The difference, though very small for a single 
revolution of the satellite, increases, by the addition of many 
revolutions, during the pjissage of the earth from its nearest to its 
greatest distance from Jupiter, that is, in about half a year, till it 
amounts to 16 minutes and 16 seconds. Romer concluded fn)m 
this, that the light of the sun, reflecteil from the satellite, required 
that time to pass through a distance equal to the diameter of the 
orbit of the earth ; and since this space is little short of 200 millions 
of miles, the velocity of light cannot be less than 200,000 miles in 
a second of time. It will be seen hereafter that this rapidity of 
transmisBiouis rivalled by that of electricity. Another astronomical 
phenomenon, observed and correctly explained by Bradley, the 
aberration of the fixed stars, leads to the same result. Physicists 
have, moreover, succeeded in measuring the velocity of light for 
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terrestrial, and, indeed, comparatively small distances ; the results 
of these experiments essentially correspond with those given by 
astronomical observations. 

When a ra^ of light falls upon a boundary between two media, a 
part of it, and, in exceptional cases, the whole, is reflected into the 
medium, whilst the other pt^ penetrates into the second medium. 

The law of regular reflection is extremely simple. If a line be 
drawn perpendicular to the surface upon which the ray falls, and 
the angle contained between the rav 
and the TOrpendicular be measured, 
it will be found that the ray, after 
reflection, takes such a course as to 
make with the perpendicular an 
equal angle on the opposite side of 
the latter. A ray of light, r, fall- 
ing at the point P, "will be reflected 
in the direction pr', making the 
angle r'pp' equal to the angle rpp^ ; 
and a ray from the jx>int r falling 
upon the same spot will be reflected to / in virtue of the same 
law. Further, it is to be obseiwed that the incident and reflected 
rays are always contained in the same normal plane. 

The same rule bolds good if the mirror be curved, as a portion 
of a sphere, the curve being considered as made up of a multitude 
of little planes. Parallel rays cease to be so when reflected from 
•eurve<l surfaces, becoming divergent or convergent according as 
the reflecting surface is convex or concave. 

Bodies with rough and uneven surfaces, the smallest parts of 
which are inclined towards t;ach other without order, reflect the 
light diffuse<l. The perception of 
bodies depends upon the diftiised re- 
flected light. 

It has just been stated that light 
passes in straight lines; but this is true 
only so long as the medium through 
which it travels ]>reserves the siime 
density and the same chemical nature: 
when this ceases to be the case, the 
ray of light is bent from its coui'se into 
a new one, or i& said to be refracted. 

Let R (fig. 34) be a ray of light foil- 
ing upon a plate of some transparent 
substance with parallel sides, such 
as a piece of thick plate glass, — 
in short, any^ transparent homogeneous material which is either 
non-crystallme, or crystallises in the regular system ; and let a 
be its point of contact with the upper surface. The ray, instead 
of holaing a straight course and passing into the glass in the direc- 
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tion A B, will be bent downwards to o ; and, on leaving the glass, 
and issuing into the air on the other side, it will a^m be bent, 
but in the opposite direction, so as to make it paralld to the con- 
tinuation of its former track, provided there be one and the same 
medium on the upper and lower side of the plate. The general 
law is thus expressed: — When the ray passes from a rare to a 
denser medium, it is usually refracted towards a line perpen- 
dicular to the surface of the latter ; and conversely, when it leaves 
a dense medium for a rarer one, it is refracted from a line perpen- 
^cular to the siuface of the denser substance ; in the former case 
"^fae angle of incidence is greater than that of refraction ; in the 
latter, it is less. In both cases the direction of tlie refmcted ray 
is in the plane R a s, which is formed bv the falling ray and the 
perpendicular s a drawn from the spot where the ray is refracteil ; 
the angle r a s=b a s', is called the angle of incidence. The angle 
c A s' 18 called the angle of refraction. The difference of these two 
angl^, that is, the angle cab, is the refraction. 

The amount of refraction, for the same mediiun, varies with the 
obliquity with which the ray strikes the surface. When perpen- 
dicular to the latter, the ray passes 
without change of direction at all ; 
and in other positions, the refrac- 
tion increases with the o])li<iuity. 

Let R represent a ray of light fall- 
ing upon the surface of a mjiss of 
plate glass at the point a. From, 
this point let a perpendicular fall 
and be continued into the new me- 
dium, and aroimd tjie same point, 
as a centre, let a circle be drawn. 
According to the law just stated, 
the refraction must be towards the 
perpendicular ; in the direction a r', 
for example. Let the lines a — a, 
a' — a', at right angles to the perpendicular, be drawn, and their 
length compared by means of a scale of equal parts, and noted : 
their length will, in the case supposed, be in proportion of 3 to 2. 
These lines are termed the sines of the angles of incidence and 
refraction respectively. 

Now let another ray be taken, such as r; it is refracted in the 
same manner to /, the bending being greater from the increase<l 
obliquity of the ray ; but what is very remarkable, if the sines of 
the two new angles of incidence and refraction be agaiii compared, 
they will still be found to bear to each other the proportion of 
3 to 2. The fact is expressed by saying, that so long as the light 
passes from one to the other of the same two media, the ratio of 
the sines of the angles of incidence and refraction is constant. This 
ratio is called the index of refraction. 
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Different bodies possess different refractive powers ; generally 
speaking, the densest substances refinct most. Combustible bodies 5 
have been noticed to possess greater refractive power than their I 
density would indicate, and from this observation Sir I. Newton | 
predicted the combustible ruiture of tlie diamond long before any- 
thing was known respecting its chemical nature. 

The method adopted for describf ’g the cojnparative refractive 
power of different bodies, is to state the ratio borne by the sine 
of the angle of incidence in the first medium at the "boundaiy 
of the second, to the sine of the angle of refraction in this second 
medium ; this is called the index of refractimi of the two substances ; 
it is greater or less than unity, according as the second medium is 
denser or mrer than the first. In the citse of air and plate glass 
the index of rqj ruction is 1 *5. 

When the index of refniction of any particular substance is once 
kno\ the effect of the latter upon a ray of light entering it in 
any position can be calculated by the law of sines. The following 
table exhibits the indices of refraction of several substances, suj>- 
posing the ray to pass into them from the air : — 


Substances. Index of refraction. 

Tabashcer * 

lao 

Ice .... 

1*30 

Water 

1*34 

Fluor spar 

1*40 

Plate glass 

1-50 

Rock-crystal 

ICO 

Chrysolite 

1*69 

Bisulphide of carbon 

1-70 


Substances. Index of refraction. 


Garnet 

. 1-80 

Glass with much 

oxide 

of lead . 

. 1-90 

Zircon 

. 2 00 

Phosidiorus 

. 2*20 

Diaitioiid . 

. 2*50 

Chromate of load 

. 3 00 

Cinnabar 

. 3*20 


When a luminous ray enters a mass of substance diftering in 
refnudive j>ower froiri the air, and whose surfaces are nut jmrallel, 
it becomes permanently deflected from 
its course and altered in its direction. It 


is upon this ])rinciple that the properties 
of prisms aial lenses depend. To take an 
example. — Figure 36 represents a trian- 
gular ])rism of glass, u|)on the side of 
which the ray of light R may be supposed 
to fall. This ray will of course be re- 



fracted, on entering the glass, towards a line perpendicular to the 
first surface, and again, from a line perpendicular to the second 
surface on emerging into the air. The result is the deflection a c k, 
which is ecjual to the sum of the two deflections which the ray 
undergoes m passing through the prism, 

A convex lens is thus enabled to converge rays of light falling 
upon it, and a concave lens to separate them more widely ; eacli 


A siliceous deposit in the joints of the bamboo. 


10 
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separate part of the surface of the lens producing its own indepen- 
dent effect. 

The light of the sun and celestial bodies in general, as well as 
that of tiie electric spark and of all oixlinary Ihimes, is of a com- 
pound nature. If a ray of light from any of the sources mentioned 
be admitted into a dark room by a small hole in a shutter, or 
otherwise, and suffered to fall upon a glass prism in the maimer 
shown in fig. 37, it Avill not only be refracted from its straight 
course, but will be decomposed into a number of coloured rays, 
which may be received upon a white screen placed behind the 
prism. When solar light is employed, the colours are extremely 
brilliant, and spread into an oblong space of considerable length. 



The upper part of this image, or spectrum^ will be violet and the 
lower red, the intennecliate portion, commencing from the violet, 
being indigo, blue, gi*een, yellow, and or.inge, all graduating im- 
perceptibly into each other. This is the celebrated experiment^ 
of Sir Isaac Newton ; from it he drew the inference that white 
light is composed of seven primitive colours, the rays of which are 
differently refrangible bv tne same mediiun, and hence capable of 
being thus separated. I’he violet rays are most refrangible, and 
the red rays least,* 

Bodies of the same mean refracth^e power do not always equally 
disperse or spread out the differently-coloured rays to the same 
extent; because the principal yellow or red rays, ff»r insbince, are 
equally refracted by two prisms of different materials, it does not 
follow that the blue or the violet will be similarly affected. 
Hence, prisms of different varieties of glass, or other transparent 

♦ The colours of natural objects are supposed to result from the power 
possessed by their surfaces oi absorbing some of the coloured rays, while 
they reflect or transmit, as the case may be, the remainder of the rays. 
Thus an object appears red because it absorbs or causes to disappear the 
yellow and blue rays composing the white light by wiiich it is illuminated. 
Any colour which remains after the deduction of another colour from white 
light, is said to be complementary to the latter. Complementary colours, 
wnen acting simultaneously, reproduce white light. Thus in the example 
already quoted, red and green are complementary colours. The fact of 
complementary colours giving rise to white light may be remlily iiiustrated 
bjr mixing in appropriate quantities a rose-red solution of cobalt and green 
eolntion of nickel; the resulting liquid is nearly colourless. 
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su])stances, give, under similar circumstances, very different 
spectra, Lotli as respects the length of the image, and the relative 
extent of the coloured bands. 

The appearance of the spectrum may also vary with the nature 
of the source of light : the investigation of these differences, how- 
ever, involves the use of a more delicate apparatus. Fig. 38 
shows the principle of such an apparatus, which is called a spectro- 
scope. The light, passing through a fine slit, impinges upon a 
flint-glass prism, p, by which it is dispersed. The decomposed 
light emeiges from the prism in several directions between 
(red rays) and v (violet rays) ; and the spectrum thus produced is^ 
observed by the telescope f, which receives only part of it at once ; 
but the several pails may be reatlily examined by turning slightly 
either the prism or the telescope. 


Fig. 38. 


7 " 



If the solar spectrum be examined in this manner, numerous 
dark lines parallel with the edge of the prism are observed. They 
were discovered in 1802 by Dr. Wolhiston, and subsequently more 
minutely investigated by Frauuliofer. They are generally known 
us Fraunhofer’s lines. These dark lines, which exist in great 
numbers, and of very varying strength, are irregularly distributed 
over the whole spectrum. Some of them, in consequence of 
their peculiar strength and their relative position, may always be 
easily recognised ; the more conspicuous are represented in fig. 
39, and in the frontispiece. The same dark lines, though paler, 
and much more diflicmt to recognise, are observed in the spectiaim 


Fig. 39. 
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Sun 


Dark lines. 


of planets lighted by the sun ; for instance, in the light emanat- 
ing from Venus. On the other hand, the dark lines observed in 
the spectra which are produced by the light emanating from fixed 
stors — from Sirius, for instance— differ in position from those pre- 
viously mentioned. 
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Sources of light which contain no volatile constituents — incan- 
descent platinum wire, for example — fiu*nish continuous spectra, 
exhibiting no such lines. But if volatile substances be jjresent in 
the source of light, bright lines are observed in the spectrum, 
which are frequently characteristic of the volatile substances. 

Professor Plucker, of Bonn, has investigated the spectra which 
are produced by the electric light when developed in very rarefied 
gases. He found the bright lines and the dark airii)es between 
the lines varying considerably with different gases. When the 
electric light was develope<l in a mixture of two gases, the spec- 
trum thus obtained exhibited simulbuieously the i)eculiar siu^ctra 
belonging to the two gases of which the mixture consisted. When 
the experiment was made in gaseous compounds capable of being 
decomposed by the electriciil current, this decomj>osition was indi- 
cated by the spectra of the separated constituents becoming i)er- 
ceptible. 

Many years ago the spectra of coloured flames were .xamined 
by Sir John Herschol, Fox Talbot, and W. A. Miller. Within 
the last few years results of the greatest im])(jrtiince have been 



obtained by Kirchhoff and Bunsen, who have investigated the 
spectra furnished by the incandescence of volatile substances: 
these researches have enriched chemistry witli a new method of 
analysis, the analysis by spectrum oliservations. In order to 
recognise one of the metals of the alkalis or of the alkaline eiirths, 
it is generally sufficient to introduce .a minute quantity of a mode- 
rately volatile compound of the metal on the loop oi a platinum 
wire into the edge of the very hot, but scarcely luminous flame, 
of a mixture of air and coal-gas, and to examine the spectrum 
which is furnished by the futme containing the vai)our of the 
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matUxl or its compound. Fig. 40 exhibits the apparatus which is 
used in performing experiments of this description. The light of 
the flame in which the metallic compound is evaporated passes 
through the fine slit in the disc, into a tube, the opposite end of 
which is provided with a convex lens. This lens collects the rays 
diverging from the slit, and throws them parallel upon the prism, 
p. Trie light is decomiiosed by th ‘ prism, and the spectrum thus 
f>btained is observed t)y means of the telescope, which may be 
turned round the axis of the stand carrying the prism. Foreign 
liglit is excluded ]>y an appropriate covering. 

The limits of this elementaiy treatise do not j)ennit us to 
describe the ingenious arrangements which have been contrive<l 
for sending the light from different sources through the same 
])rism at different heights, w'hereby their spectra, the solar spec- 
trum, for instance, and that of a flame, may be placed in a parallel 
position, the one above the other, and thus be compared.* The 
spectra of flames in which different substances are volatilised fre- 
<iuently exhibit such chariiciteristically distinct phenomena, tliat 
they may l>e used with the greatest ativantage for the discrimina- 
tion of these substances. Thus the spectrum of a flame conttiin- 
ing sodium (Na) exhibits a bright line on the yellow portion, the 
spectrum of jiotassium (K) a characteristic bright Hne at the ex- 
treme limit of the re<l, and another at the opposite violet limit of 
the spectrum. Lithium (Li) shows a bright brilliant line in the 
r(‘<l, and a paler line in the yellow portion ; strontiimi (Sr) a 
bright line in the blue, one in the orange, and six less distinct 
ones in the red portion of the spectrum. The frontisjiiece ex- 
hibits the most remarkable of the dark lines of the solar sjiectrum 
(Fraunhofer’s lines), and the position of the bright lines in tin* 
spectra of flames contixining the vapours of compounds of the 
metals of the alkalies and alkaline earths, also of tne metals thal- 
lium and indium. 

The delicacy of the.se spectral reactions is very considerable, but 

uiieqxial in the case of different metals. The presence of _ 

^0( ), 00U,iH M) 

OTain of sodium in the flame is still easily recomisable by the 
mght yellow line in the spectrum. Lithium, when introduced 
in the form of a volatile compound, imparts to the flame a red 
colour ; but this coloration is no longer perceptible when a vola- 
tile sodium compound is simultaneously present, the yellow 
coloration of the flame predominating under such circum- 
stances. But when a mixture of one part of lithium and KXK) 

} )art8 of swlium is volatilised in a flame, the spectrum of the 
lame exhibits, together with the bright yellow sodiuin line, like- 
wise the red line characteristic of lithium. The observation of 

* See the article Spectral Analysis/' by Prof. Roscoe, in Watts' Dic- 
tionary of Chemistry,” vol. i. 
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bright lines not belonging to any of the previously known bodies 
has led to the discovery of new elements. Thus, Bunsen and 
Kirchhoif, when examining the spectrum of a flame in which a 
mixture of alkaline salt was evaporated, observed some bright 
lilies, which could not be attribute<l to any of the known ele- 
ments, and were thus led to the discoveiy of the two new metals, 
cjBsium and rubidiimi. By the same method a new element, 
thallium, has been more recently discovered by Mr. Crookes, and 
another, allied indium, by Reich and Richter. 

For the examination of the bright lines in the si)ectra of metals, 
the electric spark, passing between two points of the metal under 
examination, may be conveniently emjdoyeJ as a soui*ce of light. 
Small quantities of the metal are invariably volatilised ; and the 
spectrum developed by the electric light exhibits the bright lines 
characteristic of the metal employed. These lines were observed 
by Wheatstone a*s early as 1835. This method of investigation is 
more especially applicable to the examination of the spectra of the 
heavy metals. 

By a series of theoi*etiail considemtions, Professor Kirchhoff havS 
arrived at the conclusion that the sj)ectrum of an inaandescent gas 
is reversed — i,e,, that the bright lines l>econic dark lines, if there 
be behind the incandescent gas a very luminous source of light, 
which by itself fumislies a continuous" sj>ectrum. Kirchhoft* an<l 
Bunsen have fully confirmed tliis conclusion by experiment. Thus 
a volatile lithiimi salt produces, as just pointed out, a very distinct 
bright line in the red portion of the spectrum ; but if bright sun-^ 
light, or the light emitted by a solid body lieated to the most 
powerful incandescence, be allowed to fall throii^jh the flame upon 
the prism, the spectiTun exhibits, in the place of this bright line, 
a black line sinular in every respect to Fraiinlioferis lines in the 
solar spectrum. In like manner the bright strontium line is 
reversed into a dark line. Kirchhoff and Bunsen have expressed 
the opinion that all the Fraunhofer lines in the solar spectnim are 
bright lines thus reversed. In their conception, the sim is sur- 
rounded by a luminous atmosphere, containing a cerfixin number 
of volatilised substances, which would give rise in the spectmm 
to certain bright lines, if the light of the solar atmosphere alone 
could reach the prism ; but the intense light of the powerfully 
incandescent body of the sun which passes through the solar at- 
mosphere, causes these bright lines to l>e reverscfl, and to apiiear 
as aark lines on the ordinary solar spectrum. Kirchhoff and 
Bunsen have thus been enabled to attempt the investigation of the 
chemical constituents of the solar atmosphere, by ascertaining tht* 
elements which, when in the state of incandescent vajiGur, develoj) 
bright spectral lines, coinciding with Fraunhoferis lines in the 
solar spectrum. Fraunhoferis line D (fig. 39) coincides most accu- 
rately with the bright spectral line of sodium, and may be artifi- 
cially produced by reversing the latter ; sodium would thus appear 
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to be a constituent of the solar atmosphere. Kirchhoflf has proved, 
moreover, that sixty bright lines perceptible in the spectrum of 
iron correspond, both as to position and distinction, most exactly 
witli the same number of dark lines in the solar spectrum ; and, 
accordingly, he l>elieves ii’on, in the state of vapour, to }je present 
in the sohxr atmosphere. In a similar manner this physicist has 
endeavoiued to establish the presence of several other elements in 
the solar atmosi>here. 

Absorption Hpectra . — The relative quantities of the several 
coloured rays absorbed by a coloured medium of given thickness 
may be observe«i by viewing a line of light through a prism and 
the coloured medium ; the spectrum will then be seen to be dimi- 
nished in brightness in some parts, and perhaps cut off altogether 
in others. This mode of observation is often <tf gi*eat use in 
chemical analysis, as many coloured substances when thus examined 
aflbrd very characteristic sfiectra, the peculiarities of which may 
often be distinguished, even though the solution of the substance 
under examination contains a sufficient amount of coloured im- 
purities to change its colour very considerably. The following 
method of making the observation is given by Professor Stokes.* 

A small prism is to be chosen of dense flint glass, ground to an 
angle of 60 , and just large enough to cover the eye comfortably. 
Tlie top and bottom should be flat, for convenience of holding the 
I)rism between the thumb and fore-finger, and laying it down on 
a table, so as not to scratch or soil the faces. A fine line of light 
is obtoined by making a vertic^al slit in a board six inches square, 
or a little longer in a horizontal direction, and adapting to the 
aperture two pieces of thin metal. One of the metal pieces is 
moveable, to allow of altering the breadth of the slit. About the 
fiftieth of an iiicli is a suitable breadth for ordinary puiq^oses. 
The board and mefiil lueces should be well blackened. 

On holding the board at arm's length against the sky or a lumi- 
nous flame, the slit being, we will suppose, in a vertical direction, 
and viewing the line of light thus fonued through the prism hehl 
close to the eye, with its edge vertical, a pure spectrum is obtained 
at a proper azimuth of the prism. Turning the prism round its 
axis alters the focus, and the proj)er focus is got by trial. The 
whole of the sjxictrum is not, indeed, in perfect focus at once, so 
that in scrutinising one part after another it is requisite to tm*ii 
the prism a little. When daylight is used, the spectrum is known 
to be pure by its showing tlie principal fixed lines ; in other cases 
the focus is got by the condition of seeing distinctly the other 
objects, whatever they may l>e, which are presented in the si>ectruni. 
To observe the absorption-spectrum of a liquid, an elastic band is 
put round the boat'd near the top, and a test-tube containing the 
Ii(pud, is slipited under the band, which holds it in its place b^nd 


* Chem. Soo. Jourii. xvii. 306. 
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the slit. The spectrum is then observed just as before, the test- 
tube being turned from the eye. 

To observe the whole progi'ess of the absorption, different degrees 
of strength must be used in succession, beginning with a strength 
which does not lender any part of the spectrum absolutely black, 
unless it be one or more very narrow baiuls, as otherwise the most 
distinctive features of the absorption might be missed. If the 
solution be contained in a wedge-shaped vessel instead of a test- 
tul>e, the progress of the absorption may be watched in a continu- 
ous manner by sliding the vessel before the eye. Some obseiwers 
prefer using a wedge-shaped vessel in combination with the slit, 
the slit l>eing jierpendicular to the edge of the wedge. In this 
case each element of the slit forms an elementary spectrum coiTe- 
sponding to a thickness of the solution which increases in a con- 
tinuous manner fi‘om the edge of the wedge, where it vanishes. 
This is the mode of observation adopted by Gladstone.* 

Fig. 41 represents the effect produced in this way by a solution 
of chromic chloride, and fig. 42 that produced by a solution of 
jiotassium permanganate. 


Fig. 41. Fig. 42. 



The right hand side of these figures con*esponds with the red end 
of the spectrum ; the letters refer to Fraunhofer’s lines. The 
lower part of each figure shows the pure spectrum seen through 
the thinnest part of the wedge ; and the jirogress of the absorption, 
a.s the thickness of the liquid increases, is seen by the gradual 
obliteration of the spectrum towards the upper part of the figures. 

Fluorescence , — An examination into a peculiar mode of analysis 
of light, discovered by Sir John Herschei, in a solution of quinine 
sulphate, has within the last few years led to the discovery of a 
most remarkable fact. Professor Stokes has observed that light of 


• Cheni. Soc. Joum. x. 79. 
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certain refraiigibility and colour is capable of experiencing a peculiar 
inllueiice in being dispersed by certain media, and of undergoing 
thereby an alteration of its refrangibility and colour. This curious 
change, called fluorescence, can be produced by a great number of 
l)odies, both liquid and solid, transparent and opaque. Frequently 
the change aflects only the extreme limits ; at other times larger 
portions ; and in a few cases even the whole, or, at all events, the 
major pui*t of the spectrum. A dilate solution of quinine sulphate, 
for instance, changers the violet and the dark-blue light to sky- 
blue ; by a decoction of madder in a solution of alum all rays of 
higher refrangibility than yellow are converted into yellow ; by 
an alcoholic solution of the colouring matter of leaves, all the rays 
of the spectrum become red. In afl cases in which this peculiar 
l>henomenon presented itself in a greater or less degree, Mr. Stokes 
observed that it consisted in a diminution of the refrangibility. 
Thus, rays of so high a degree of refrangibility, that they extend 
far beyond the extreme limits of the spectrum visible under 
ordinary circumstances, may be i*endered luminous, and converted 
into blue and even red light. 


Fig. 43. 


Double Refraction and Polarisation. — A ray of common 
light made to pass through ceriain crystals of a particular order is 
found to undergo a very remarkable change. It becomes split or 
divided into two rays, one of which follows the general law of 
refraction, while the other takes a new^ and extraordinary course, 
dependent on the position of the crystal. This effect, which is 
called double refraction, is beautifully illustrated in the case 
of Iceland spar, or crystallised calciiun carbonate. On placing a 
rhomb of this substance on a piece of white paper on which a mark 
or line has been made, the object >vill be seen double. 

Again, if a ray of light be suffered to fall on a plate of glass at 
an angle of 5(f 45', uie portion of the 
ray which suffers reflection will be found 
to have acquired properties which it did 
not before possess; for on throwing it, 
at the same angle, upon a second glass 
plate, it will be observed that there are 
two particular positions of the latter, 
namely, those in which the planes of 
incidence are at right angles to one an- 
other, when the ray of light is no longer 
reflected, but entirely refracted. Light 
which has suffered this change is said to 
he polarised. 

The light which passes through the 
first or polarising plate is also, to a cer- 
tain extent, in this peculiar condition, and by erajjloying a series of 
similar plates held parallel to the first, this effect may be greatly 
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increased; a Imndle of fifteen or twenty such plates may be iist il 
with great convenience for the experiment. It is to be reluarke^l, 
also, that the light polarised by transmission in this manner is 
in an opposite state to that polarised by reflection; that is, when 
exaiuineu by a second or anahjsing plate, held the angle betV>n* 
mentioned, it will be seen to be reflected when the other is trans- 
mitted, and to be dispersed when the first is I'eflected. 

It is not every substance that is capable of polarising light 
in this manner; glass, water, and certain other bodies bung 
about the change in question, each haviM a particular polarising 
angle at which the effect is greatest, i^r each transparent sub> 
stance the polarising angle is that at which the reflected and 
refracted rays are perpendicular to each other. The metals also 
can, by reflection, polarise the light, but they do so very imper- 
fectly. The two rays into w'hich a pencil of common light divides 
itself in passing through a doubly-refracting crystal are found on 
examination to be polarised in a very complete manner, and also 
transversely, the one being capable of reflection when the other 
vanishes or is transmitted. The two rays are said to be polarised 
in opposite directions. With a rhomb of transi>arent Iceland spar 
of tolerably large dimensions, the two oppositely polarised rays 
may be widely separated and examined apart. 

(Jertain doubly refracting crystals absorb the one of these rays, 
but not the other. Through a plate of such a crystal one ray 
passes and becomes entirely iiolarised ; the other, which is likewise^ 

E olaiised, but in another plane, is removed by absorption. Thu 
est known of these media is tourmaline. When two plates of 
this mineral, cut parallel to the axis of the crystal, are lield with 
theii* axes paraiJel, as in fig. 44, light traverses tJiem both fmely ; 
but when <me of them is turned round in the manner sliown in 
fig. 4o, so as to make the axes cross at right angles, the light is 


Fig. 44. Fig. 45. 



almost wholly stopped, if the tourmalines are good. A plate of 
the mineral thus becomes an excellent test for discriminating 
between polarised light and that which has not undergone the 
change. 

Some of the most splendid phenomena of the science of light 
are exhibited when thin plates of doubly refracting substances 
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are interpostid l)et\v<*eii the polarising arrangement and the 
analyst 

Instead of the tourmaline idate, which is always coloured, fre- 
<jiient use is made ot two Nicliors prisms, or con joined j)ri8m8 of 
calcium carhonate, which, in conset^uence of a peculiar cutting and 
comhijiation, j)oss('ss the ]>roj>erty of allowing only one of the 
oppositely polarised rays to j>as8. A more advantageous method 
oi cutting and combining piisms has been given by M. Foucault. 
His prisms are as serviceable as, and less exi)ensive than, those of 
NichoL If two Nichors or Foucault’s prisms he placed one be- 
hind the other in precisely similar positions, the light polarised by 
the one goes through the other imaltered. But when one prism 
is slightly turned round in its setting, a cloudiness is fjroduced ; 
and by continuing to turn the prism, this increases until perfect 
darkness ensues. This hapi>ens, as with the tourmaline plates, 
when the two prisms cross one another. The phenomenon is the 
same with colomdess as with coloured light. 

Circular Polarisation. — Supposing that polarised light, 
coloured, for example, by going through a plate of re<l glass, has 
passed thn^ugh the first Nichol’s prism, and been altogether ob- 
structeil in ctmsequence of the position of the second prism, then, 
if lietween the two prisms a plate of rock-crystal, formed by a 
section at right angles to the principal axis of the crystal, be inter- 
pnse<l, the light polarised by the first prism wdll, by passing through 
the plate <»f (piartz, ]>e enalded partially to pass through the second 
♦Nichors prisms. Its passage through the second prism can then 
again 1x3 intemipted by turning the second prism round to a cer- 
tain extent. The rotation rtxjuired varies w ith the thickness of the 

f ilate of rock-crystal, and wnth the colour of the light employed. 

t ineivases from re<l in the follow ing oivler — yellow', green, blue, 
violet. 

This property of rock-crystal W’as discovered by Arago. The 
kind of polarisation has been called circular polarisiition. The 
direction of the rotation is with many plates towards the right 
hand ; in other plates it is tow'aixls the left. The one class is sai<l 
to possess right-handed polarisation, the other class left-handed 

C olarisation. P'or a long time quartz W'as the only solid body 
nowni to exhibit cii’cular polarisation. Others have since been 
found which possess this j)roperiy in a far higher degree. Thus, 
a plate of cinnabar acts fifteen times more ])ow’erfully than a plat% 
of quartz of equal thickness. 

Biot observed that many solutions of oiganic substances exhibit, 
the property of circular polarisation, though to a far less extent 
than rock-crystal. Thus, solutions of cane-sugar, glucose, and 
tartaric acid, possess right-handed polarisation ; w'hilst albumefn, 
uncrystallisable sugar, and oil of turpentine, are left-handed. In 
all these solutions the amount of circular polarisation increa.^s 
with the concentration of the liquid and tlie thickness of the 
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column through which the light passes. Hence circuliu’ polarisa- 
tion is an iin])ortant auxiliary in chemical analysis. In order to 
determine the amount of polarisation which any liquid exhibits, it 
is put into a glass tube not less than from ten to twelve inches 
long, which is closed with glass plates. This is then placed 
between the two NichoFs prisms, which have previously been so 
aiTanged with regartl to each other that no light could pass through. 
An apparatus of this description, the saccharimeter, is used for 
determining the concentration of solutions of cane-sugar. 

The form of this instrument is shown in fig. 46. The two 
NichoFs prisms are enclosed in the corresponding fastenings a and 
b. Between the two there is a space to receive the tube, which is 

Fig. 4C. 

c 



filled with the solution of sugar. If the prisms are crossed in the 
way above mentione<l before the tube is put in its place, that is, if 
they are placed so that no light passes them, then, by the action of 
the solution of sugar, the light is enabled to pass, and the NichoFs 
prism, a, must be turned through a certain angle Iwifore the light 
IS again i>erfectly stopr>ed. The magnitude of this angle is ob- 
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served on the circular disk s Sy which is divided into degrees, and 
upon which, by the turning of the prism, an index z is moved 
along the division. When the tube is exactly ten inches long, 
and closed at both ends by flat glass plates, and when it is filled 
with solution containing 10 per cent, oy weight of cane-sugar, and 
free from any other substance possessing an action on light, the 
angle 'of rotation for the middle ^ ‘dlow^ayis Now, the 

magnitude of this angle is directly proportional to the length of 
the column of Ihjuid and also to the quantity of sugar in solution. 
If, therefore, a solution containing z i)er cent, by weight of sugar 
in a tulxj I inches long, produce a rotation equal to a degrees, the 
percentage of sugar will be given by the equation — 


whence 


a ^ I z 

T9 * 6 ““ 10 * 10’ 

100 a 
* ~ i9 (> r 


This process is not sufficient when the solution contains cane- 
sugar and uncrystallisal)le sugar ; for the latter rotates the ray t(» 
the left; in that ctise only the ditference of the two actions is 
obtained. But if the whole quantity of sugar be changed into un- 
crystallisable sugar, and the experiment be repeatcMl, then from 
4he results of tlie two observations the quantity of both kinds of 
sugar can easily be calculate<l. 

It is difficult to find exactly that position of the NichoFs prisms 
in which the greatest darkness prevails. To make the measure- 
ments more exact and easy, Soleil has made some additions to the 
apparatus. At 7 , before the prism 6 , a plate of rock-crystal cut at 
right angles to the axis is placed. It is divided in the centre of 
the field of vision, half consisting of quartz rotating to the right 
hand, an<l half of the variety w hioh rotates to the left ; it is 0*148 
inch (3*75 millimeter) thick, this thickness being found by experi- 
ment to produce the gi*eatest difFenuice in the colour of the tw^o 
halves, w hen one jirisin is slightly rotated. The solution of sugar 
has precisely the same action 011 the rotation, since it increascvS the 
action of the half w hich has a right-handed rotation, and lessens 
the action of the half which rotates to the left. Hence the two 
halves wdll assume a different colour when tlie smallest quantity 
of sugar is present in the liquid. By slightly tiu'uing the NichoFs 
prism a, this difference can be again removed. Soleil has intm- 
duced another more delicate means of effecting this, at the part /, 
which he calls the compensator. The most inipoilant pai-ts of this 
are separately represented in fig. 46. It consists of tw'o exactly 
equal right-angled prisms, of left-handed quartz, whose surfaces, 
c' and Cy are cut X)eT>endicular to the optic axis. These i)risins can, 
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by means of tbe screw v and a rack and j)inion, be made to slidi* 
on one another, so that, when taken together, they form a |)lati‘ 
of varying thickness, bounded by parallel surfaces. One ot the 
frames has a scale /, the other a vernier n. When this points to 
zero of the scale, the optical action of the two prisms is exactly 
compensated by a right-hand^ plate of rock-crystal, so that an 
effect is obtained as regards circular polarisation, as if the Vhole 
system were not present As soon, however, as the screw is 
moved, and thus the thickness of the plate formed by the two 
prisms is changed (we will suppose it increased), then a left-handed 
fiction ensues, must be properly regulated, until it com- 

pensates the opposite action of a solution of sugar. Thus a con- 
venient methoa is obtained of rendering the colour of the double 
plate uniform, when it hi^s ceased to be so by the action of the 
sugar. 

Faraday has made the remarkable discovery that, if a very strong 
electric current be passed round a substance which possesses the 
property of circular polarisation, the amount of rotation is altered 
to a considerable degree. 

Heating and Chemical Rays op the Solar Spectrum. — 
The luminous rays of the sun are accompanied, as already men- 
tioned, by others which j)ossess heating powers. If the tempera- 
ture of tbe different-coloured spaces in the sjiectiTim be tried with 
a delicate thennometer, it will be found to increase from the violefr 
to the red extremity, and when the prism is of some paiticular 
kinds of glass, the gi'eatest effect will be manifested a little beyond 
the visible red rays. The position of the greatest heating effect in 
the spectrum materially depends on tbe absorptive natiu^e of the 
glass. Transparent though tliis medium is to the rays of* light, it 
nevertheless absorbs a considerable quantity of the heat rays. 
Transparent rock-sidt is almost without absorptive action on the 
thermal rays. In the spectrum obtained by passing the solar rays 
through prisms of rock-salt, the greatest thermal effect is found 
at a position far beyond the last visible red rays. It is infen'ed 
from this that the chief mass of the heating rays of the sun are 
among the least refrangible components of the solar beam. 

Again, it has long been known that chemical changes both of 
combination and of decomposition, but more particularly the latter, 
can be effected by the action of light. Chlorine and hydrogen 
combine at common temperatures only under the influence of light ; 
and parallel cases occur in great numbers in organic chemistry. 
The olackening and decomposition of silver salts are familiar in- 
stances of the chemical powers of the same agent. Now, it is not 
always the luminous part of the ray which effects these changes ; 
they are chiefly produced by certain invisible ravs, which accom- 
pany the others, and are found most abundantly beyond the violet 
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part of the j^pectnim. It is there that certain chemical effects are 
most marke(l, although the intensity of the light is exceedingly 
feeble. These cheiiiicully acting rays are sometimes called actinic 
rays {uKTigj a ray), and the chemical action of sunlight is called 
actinism; but these terms are not very well chosen. The chemical 
rays are thus directly opposed to the heating rays in the common 
spectinm in their degree of refrangibility, since they exceed aU the 
others in this respect. The luminous rays, too, under peculiar 
conditions, exert decomposii^ powers upon silver salts. The 
resadt of the action of any ray depends, moreover, greatly on the 
j)hysical state of the surface upon which it falls, and on the chemi- 
cal constitution of the body ; indeed, for every kind of ray a sub- 
stance may be found which under particular circumstances will be 
affected by it ; and thus it appears that the chemical functions 
are by no means confined to any set of rays to the exclusion of 
the rest. 

Upon the chemical changes produced by li"ht is based the art of 
photography. In the year 1802, Mr. Thomas Wedgwood proposed 
a method of conying paintings on glass, by placing behind them 
white paper or leather moistened with a solution of silver nitrate, 
which became decomposed and blackened by the transmitted light 
in proportion to the intensity of the latter ; and Davy, in repeat- 
ing these experiments, found that he could thus obtain tolerably 
accurate representations of objects of a texture partly opaque and 
partly transparent, such as leaves and the wings of insects, and 
^ven copy with a certain degree of success the images of small 
objects obtained by the solar microseoj>e. These pictmes, how*- 
cver, required to be kept in the dark, ami could only be examined 
by candle-light, otherwise they became obliterated by the blacken- 
ing of the whole surface, from which the salt of silver could not be 
removed. These attemi»ts at light-painting attracted but little 
notice till the year 1839, Avhen Mr. Fox Talbot published his plan 
of “photogenic drawing.” This consisted in exposing in the 
camera a paper soaked in a weak solution of common salt, and 
afterwaids washed over with a strong solution of nitrate of silver ; 
tlie image thus obtained w^as a negative one, the light being dark 
and the shadow's light, and the pictures w^ere fixed by immersion 
in a solution of common salt. 

Many imj»rovements have Ijeen made in this process. In 1841 
Fox Talbot patented the beautiful process known as the “Talbotype 
or Calotype process,” in which the paper is coated with silver 
icxlide by dipping it first in silver nitrate, then in potassium 
iodide. 

Paper thus prepared is not sensitive per $e to the action of light, 
but may be rendered so by wasliing it over with a mixture of silver 
nitrate and gallic or acetic acid. If it be exposed to the camera 
for two or tliree minutes, it does not receive a visible image (unless 
the light has been very strong) ; but still the compound has under- 
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gone a certain change by the inOnence of the light; for on subse- 
quently wMhing it over with the mixture of silver nitrate and 
acetic or gaUic acid, and gently warming it, a negative image comes 
out on It with great distinctness. This imago is JUced bv washina 
toe jwper wito sodium hynasulphite, wliich removes the whole of 
toe silver iwhde not acted upon by the light, and thus protects 
toe picture from further change by exjiosure to light. The nega- 
tive picture thus obtained is rendered transimrent by placin<» it 
between two sheets of blotting-paper satiiinti'd with white wax 
and passing a malerately heated smoothing-iron over the whale! 
It may then lie useil for printing /kwiViVi; pictures hy laying it on u 
sheet of |>aper prepared with chloride or iodide of silver and expos- 
ing it to the sun. 

A most inipoi’tant step in the progix;s.s of photography is the 
substitution of a transparent film of iodise d collodion or albu- 
men spread upon glass, for the iodised paper used in Talbotts 
process, to receive the negative image in the camera. The process 
is thus rendered so much more certain and rapid, and the jiositive 
pictures obtained by transferring the negative to paper pre})ared 
with chloride or iodide of silver, are found to be so much sharper 
in outline than when the transference occurs through pajier, as in 
the talbotype process, that this method is now universally em- 
ployed. In this process, as in that of the Calotype, the image 
produced in the camera is a latent one, and requires development 
with substances such as pyrogallic acid, or ferrous sulphate, which, 
having a tendency to absorb oxygen, induce, in presence of silvei? 
nitrate, the reduction of the chloride or iodide to the metallic 
state. For^a description of the best apparatus and latest processes 
used in the collodion method, the reader may consult Hardwich^s 

Manual of Photographic Chemistry. 

Sir John Herschel has shown that a great number of other sub- 
stances can be employed in these photographic processes hy taking 
advantage of the deoxidising effects of certain portions of the solar 
rays. Paper washed with a solution of ferric salt becomes capable 
of receiving impressions of this kind, which may afterwards he 
made evident by potassium ferricyanide, or gold chloride. Vege- 
table coloui's are also acted upon in a very curious and apparently 
definite manner by the different parts of the spectrum. 

The daguerreotypey the annoimcement of which was first made 
in the summer of 1839, by M. Daguerre, who had been occupied 
with this subject from 1826, if not earlier, is another remarkable 
instance of the decomposing eftects of the solar rays. A clean and 
highly polished plate of sUvered copper is exposed for a certain 
time to the vapour of iodine, and then transported to the camera 
obscura. In the most improved state of the process, a very short 
time suffices for effecting tne necessary change in the film of silver 
iodide. The picture, however, becomes visible only by exposing 
it to the vapour of mercury, wMch attaches itself, in the form of 
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exceedingly minute globules, to those parts which have been most 
acted upon, that is to sav, -to the lights, the shadows being formed^ 
by the dark polish of the metallic plate. Lastly, the drawing & 
washed with sodium hyposulphite, to remove the undecompo;4d 
silver iodide and render it permanent. / 

Since Daguerre’s time this process has imdergone conside]|.ble 
improvements ; amongst these, we may mention the exposum of 
the plate to the vapour of bromine, by which the sensitiveness of 
the film is greatly incr^sed, and the reduction of metallic gold 
upon the surface of the fihn during the process of fixing, by which 
the lights and sl^es of the picture aio rendered more effective. 

Etching and lithographic processes, by combined chemical and 
photographic agency, promise to be of considerable utility. The 
earliest is that of Niepce : he applied a bituminous coating to a 
metal plate, upon which an engraving was superimposed. The 
light, being thus partially interrupted, acted unequally upon the 
varnish; a liquid hydro-carbon, petroleum, used as a solvent, 
removed the bitumen wherever the light had not acted ; an en- 
graving acid could now bite the unprotected metal, which could 
eventually be printed fifom in the usual way. Very success- 
ful results have also been obtained by M. Fizeau, who submits 
the daguerreotype to the action of a mixture of dilute nitric acid, 
common salt, and potassium nitrate, when the silver only is 
attacked, the mercunalised portion of the image resisting the acid ; 
an etching is thus obtained following minutely the lights and 
shadows of the picture. To deepen this etching, the silver chloride 
formed is removed by ammonia, the plate is boiled in caustic 
potash and again treated with acid, and so on till the etching is 
of sufficient depth. Sometimes electro-gihling is resorted to, and 
an engraving acid used to get still more powerful inmressions. 

Among recent results are those obtained by Mr. Talbot on 
steel plates: he uses a mixture of potassium bishromate and 
gelatin, which hardens by exposure to the light; the parts not 
affected are removed by washing. Platinum tetrachloride is used 
as an etching liquid ; it has the advantage of biting udth greater 
regularity than nitric acid. 

The bitumen process of M. Nilspce has been applied to litho- 
graphic stone; and positives obtained from negative talbotypes 
have been printed off by a modification of the ordinaiy litho- 
graphic process. M. Nifepce finds that ether dissolves the altered 
bitumen, while naphtha, or benzol, attacks by preference the 
bitumen in its normal condition. 
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KAOKSTZSIC 

X"¥i]rnoui.AB species of iroa ore has loi^ been remar^ble 
i|v pi^perty of attaaicting small meces of iroi^ and causini^ them 
to a&ere to its surface i it is called loadstone, or magnetie^ iron 

J lx a piece of this loadstone be carefully examined, it will be 
ifound that the attraetiye force for particles of iron is greatest at 
certain particular points of its surface, while elsewhere it is much 
diminished, or even altogether absent These attractive points are 
denominated poles, and the loadstone itself is said to be endowed 
with magnetic polarity. 

If one of the pole>surfaces of a natural loadstone be rubbed in 
a particular manner oter a bar of steel, its chaiucteristic pro- 
perties will be communicated to the bar, which will then be found 
to attract iron-filings like the loadstone itself. Further, the at- 
tractive force will appear to be greatest at two points situated very 
near the extremities of the bar, anti least of all towards the middle. 
The bm* of steel so treated is said •to be magnetised, or to consti- 
tute an artificial magnet. 

When a magnetised bar or natural magnet is suspended at its 
centre in any convenient manner, so as to be free to move in a 
horizontal plane, it is always found to assiune a particular direc- 
tion with regaKl to the earth, one end pointing nearly north, and 
the other nearly south. This direction varies with the geographic 
cal position of the place, and is different also at the same place at 
different times. In London, at the present time, the needle 
points 19® 40' west of the astronomical north. If the bar l)e 
moved from this position, it will tend to reassume it, and, after 
a few oscillations, settle at rest as before. The pole which points 
towards the astronomical north is ustially distinguished as the 
north pole of the bar, and that which points southward, as the 
south pole. 

A magnet, either natural or artificial, of symmetrical form, sus- 
pended in the presence of a second mj^et, serves to exhibit certain 
phenomena of attraction and repulsion which deserve particular 
attention. When a north pole is presented to a south pole, or a 
south pole to a north, attraction ensues between them ; the ends 
of the bars approach each other, and, if permitted, adhere with con- 
siderable force ; when, on the other hand, a north pole is brought 
near a second north pole, or a south pole near another south 
pole, mutual repulsion is observed, and the ends of the bars 
recede from each other as far as possible. Poles of an opposite 
name attract^ and of a similar namCy repel each otiur. Thus, a 
small bar or needle of steel, properly magnetised and suspended, 
and having its poles marked, becomes an instrument fitted not 
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only to discover the existence of magnetic power in other bodies, 
but to estimate the kind of polarity alBfected by their different 
parts. 

A piece of soft iron brought into the nei^bourhood of a magnet 
acquit itself magnetic properties : the intensity of tiie power 
thus conferred depends upon that <ff the magnet, and upon the 
space which divides the two, becoming greater as that space 
decreases, and greatest of all in actual contact The iron, under 
these circumstances, is said to be ma^etisea by induction Or 
influence, and the effect, which reaches its mMinmini ixi an 
instant, is at once destroy^ by removing the magnet 

When steel is substituted for iron in this experiment, the 
inductive action is hardly perceptible at first, and becomes mani- 
fest only after the lapse of a certain time : in this condition, when 
the steel bar is removed from the magnet, it retains a portion of 
the induced polarity. It becomes, indeed, a permanent magnet, 
similar to the first, and retains 
its peculiar properties for an in- ^7. 

definite time. This resistance 
which steel always offers in a*., 

CTeater or less degree both to the^ ' 
development of magnetism and 
to its subsequent destruction, 
is called specif coercive powe r. 

The nife which regulates the 
induction of magnetic polarity 
in all cases is exceedingly sim- 
ple, and most important to be 
remembered. The pole pro- 
duced is always of the opposite 
name to that which produced 
it, a nc^h pole developmg south 
polarity, and a south pole north 
polarity. The north pole of the 
magnet figured in tne sketch 
induces south polarity in all the nearer extremities of the pieces of 
iron or steel wmch surround it, and a state similar to its own in 
all the more remote extremities. The iron thus magnetised is 
capable of exerting a similar inductive action on a second piece, 
and that upon a third, and so to a great number, the intensity of 
the force diminishing as the distance from the permanent magnet 
increases. It is in this way that a magnet is enabled to hold up a 
number of small pieces of iron, or a bunch of filings, each separate 
piece becoming a magnet for the time by induction. 

Magnetic pmarity, similar in degree to that which iron presents, 
has been found only in some of the compounds of iron, m nickel, 
and in cobalt. 

Magnetic attractions and repulsions are not in the slightest 
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degree interfered with by the interposition of substances destitute 
of magnetic properties. Thick plates of glass, shellac, metals, 
wood, or of any substances except those above mentioned, may be 
placed between a magnet and a suspended needle, or a piece of 
iron imder its influence, the distance oeing preserved, without the 
least perceptible alteration in its attractive power, or fox*ce of 
inducnom 

' One kind of polarity cannot be exhibited without the other. ^ In 
otker words, a mametic pole cannot be insulat^ If a ma^etised 
bar of steel be brc^en at its neutral point, or in the middle^ each 
of the broken ends acquires an opposite pole, so that both por- 
tions of the bar become perfect magnets ; and, if the division be 
carried still further, if the bar be broken into a hundred pieces, 
each fragment wdU be a complete magnet, having its own north 
and soum poles. 

This experiment serves to show very clearly that the apparent 
polarity of the bar is the consequence of the polarity of each indi- 
vidual particle, the poles of the Imr being merely points through 
which the resultants of all these forces pass ; the largest magnet 
is made up of an immense nmiiter of little magnets regularly 
arranged side by side, all having their north jwlcs looking one wa)% 


Fig. 48. 
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and their south poles the other. The middle portion of such a 
system cannot possibly exhibit attractive or repulsive effects on an 
external body, beciiuse each pole is in close juxtaposition with one 
of an opposite name and of equal jKUver. Hence their forces will 
be exerted in opposite directions, and neutralise each other's 
influence. Such will not be the case at the extremities of the bar ; 
there uncompensated polarity will be found capable of exerting 
its specific power. 

This idea of regular polarisation of particles of matter in virtue 
of a pair of opposite and equal forces, is not confined to magnetic 
phenomena ; it is the leading principle in electrical science, and is 
constantly reproduced in some form or other in every discussion 
involving the consideration of molecular forces. 

Artificial steel magnets are made in a great variety of forms ; 
such as small light needles, mounted with an agate cap for sus- 
pension upon a fine point ; straight bars of various kinds ; bars 
curved into the shaj>e of a horse-snoe, &c. All these have regular 
polarity communicated to them by certain processes of rubbing or 
touching with another magnet, which require care, hilt are not 
otherwise difi&cult of execution. When great power is wishecl 
for, a .number of bars may be screwed together, with their similar 
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ends in contact, and in this way it is easy to construct permanent 
steel magnets capable of sustaining great weights. To prevent \ 
the gradual destruction of magnetic force, which would otnerwise 
occur, it is usual to arm each pole with a piece of soft iron or 
keeper, which^ becoming magnetised by induction, serves to sus- 
tain the polarity of the bar, and in some cases even increases its 
energy. 

Magnetism is not peculiar to these substances which have more 
especially been called magnetic, such as iron, nickel, col^t, but 
it IS the property of all metals, though to a much sm^er d^ee. 
Very powerful magnets are required to show this remarkable fact. 
Large horse-shoe magnets, made by the action of the electric 
current, are most proper. The magnetic action on different sub- 
stances which are capable of being easily moved, differs not only 
according to the size, but also according to the nature of the sub- 
stance. In consequence of this, Faraday divides all bodies into 
two classes. He calls the one magnetic, or, better, pavamagneticj 
and the other diamagnetic. 

The matter of which a paramagnetic (magnetic) body consists is 
attracted by both poles of the horse-shoe magnet ; on tne contrary, 
the matter of a diamagnetic body is repelled. VHien a small iron 
bar is hung by untwisted silk between the poles of the magnet, so 
that its long diameter can easily move in a horizontal plane, it 
arranges itself axially, that is, parallel to the straight line which 
joins the poles, or to the magnetic axis of the poles ; assuming at 
the end which is nearest the north pole, a south pole, and at the 
end nearest the south pole, a north pole. Whenever the little bar 
is removed from this position, after a few oscillations, it returns 
again to its previous position. The whole class of paramagnetic 
boilies behave in a precisely similar way under similar circum- 
stiinces, but in the intensity of the effects great differences 


oqcur. • 

Diamagnetic bodies, on the contrary, have their long diametem 

¥ laced equatorially, that is, at right angles to the magnetic axia 
hey behave as if at the end opposite to each pole of the magnet 
the same kind of polarity existed. 

In the first class of substances, besides iron, which is the best 
representative of the class, we have nickel, cobalt, manganes^ 
chromium, cerium, titanium, palladium, platinum, osmium, alumi- 
nium, oxygen, and also most of the compounds of these bodies ; 
most of them, even when in solution. According to Faraday, the 
following subshinces are also feebly paramagnetic (magnetic), — 
paper, sealing-wax, Indian-ink, porcelain, asbestos, fluor-spar, 
minium, cinnabar, binoxide of lead, sulphate of zinc, tourmabne, 
gr^hite, and charcoal. 

In the second class are placed bismuth, antimony, zinc, tm, 
cadmium, sodium, mercury, lead, silver, copper, §pld, arsenic, 
uranium, rhodium, iridium, tungsten, phosphorus, iooine, sulphur, 
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chlorine, hydrogen, and many of their compounds. Also, 
free from iron, water, alcohol, ether, nitric acid, hydrochloric aci<U 
resin, wax, olive oil, oil of turpentine, caoutchouc, sugar, starch, 
gum, and wood. These are diamagnetic. 

TVlien diamagnetic and paramagnetic bodies are combined, their 
peculiar properties are more or less neutralised. In most of these 
compound occasionally in consequence of the presence of a 
Tery small quantity of iron, the peculiar mamietic power remams 
xwre or less in excess. Thus green bottle-^ass, and many varie- 
ties of crown glass, are magnenc in consequence of the iron they 
contain. 

In order to examine the magnetic properties of liquids, they are 
placed in very thin glass tubes, the ends of which are then closed 
by melting ; they are then hung horizontally between the poles of 
the magnet. Under the influence of poles sufficiently powerful, 
they b^n to swing, and according as the fluid contents are para- 
magnetic (magnetic) or diamagnetic, they assume an axial or equa- 
torial position. 

Faraday has tried the magnetic condition of gases in different 
ways. One method consisted in making soap-bubbles with the 
gas which he wished to investigate, and oringing these near the 

S oles. Soap and water alone is feebly diamagnetic. A bubble 
lied with oxygen was strongly attracted l>y the magnet. All 
other gases in tne air are diamagnetic, that is, they are repelled. 
But, as Faraday has shown, in a different way, this partly arise^ 
from the paramagnetic (magnetic) property of the air. Tims he 
found that nitrogen, when this ^lifferential action was eliminated, 
was perfectly indifferent, whether it was condensed or rarefie<l, 
whether cooled or heatecl. When the temperature is raised, the 
diamagnetic property of gases in the air is increased. Hence the 
flame of a candle or of hydrogen is strongly repelled by the mag- 
net. Even warm air is diamagnetic in cold air. • * 

For some time it had been Wlieved that bodies in a crystalline 
form had a special and peculiar behaviour when jilacetl between 
the poles of a magnet. It appeared as though the magnetic clirect- 
ing power of the crystal had some jieculiar relation to the position 
of its optic axis ; so that, independently of the magnetic property 
of the substance of the crystm, if the crystal was positively opti- 
cal, it possessed the power of placing its optic axis parallel with 
the line which joined the poles of the magnet, while optically 
negative crystals tried to arrange their axis at right angles to this 
line. This supposition is disproved by the excellent investigation 
of Tyndall and Knoblauch, who showed that exceptions to the 
above law are furnished by all classes of crystals, and proved that 
the action, instead of being independent of the magnetic nature of 
the mass, was completely reversed where, in isoinoriAous crys- 
tals, a magnetic constituent was substituted for a diamagnetic one. 
Bejecting the various new forces assumed, Tyndall and Knob- 
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lauch referred the ohserved phenomena to the modification of the 
magnetic force by structure, and they imitated the effects exactly, 
by means of suDstances whose structure had been mo^fied by 
compression. In a later investigation Tindall demonstrate the 
funaamental princij>le on which these phenomena depend, show- 
ing that the entire rnass of a magnetic body is most strongly 
attracted when the attracting force acts parmlel to the line of 
compression ; and that a dhunagnetic substance is most strongly 
repelled when the repulsioh acts along the same line. Hence when 
• such a body is freely suspended'^in the magnetic field, the line of 
compression must set axially or ^uatorially, according as the 
mass is magnetic or diamagnetic. Faraday was the first to estab- 
lish a differential action of this kind in the case of bismuth ; 
Tyndall extended it to several magnetic and diamagnetic crystals, 
and showed that it was not confined to them, but was a general 
property of matter. It was also proved that for a fixed mstance 
the attraction of a magnetic sphere, and the repulsion of a dia- 
magnetic sphere, followed precisely the same law, both being 
exactly proportioned to the square of the exciting current. 

The phenomena of diamagnetism naturally suggest the inquiry, 
whether the repulsion exerted by a magnetic pole on diamagnetic 
bodies is a force distinct from that of magnetism as exerted upon 
iron and other bodies of the magnetic class ; or whether, on the 
other hand, the magnetic and diaiiiagnetic condition^ of matter 
are merely relative, so that all bodies are magnetic in different 
' degrees, and the apparent repulsion of a diamagnetic body, such 
as bismuth, is merely the result of its being attracted by the 
magnet less than the particles of the surrounding medium, just as 
a balloon receiles from the earth because its weight is less than 
that of an equal bulk of the surrounding air. It is easy to show 
that the same body may aj)pear magnetic or diamagnetic, accord- 
ing to the inediiuu in whicli it is placed. Ferrous sulphate is a 
magnetic substance, and Avater is diamagnetic: hence it is pos- 
sible, by varying the strength of an aqueous solution of this salt, 
to make it either magnetic, indifferent, or diamagnetic when sus- 
pended in air. Again, a tulie containing a solution of ferrous 
sulphate suspended horizontally within a jar also filled with a 
solution of tlie same salt, and placed between the poles of two 
powerful electro-magnets, will place itself axially or equatorially, 
according as the solution contained in it is stronger or weaker 
than that in the jar. In the same manner, then, we may conceive 
that bismuth places itself equatorially 'between two magnetic 
poles, l:)ecause it is less magnetic than the surrounding air. But 
the diamagnetism of bismuth and other bodies of the same class 
shows itself in a vacuum as well as in air : hence, if diamagnetism 
is not to be regarded as a distinct force, we must suppose that the 
ether is also magnetic, and occupies in the magnetic scale the 
place intermediate between magnetic and diamagnetic bodies. 
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That a body suspended in a medium of greater magnetic stis- 
ceptibility than itself will recede from a magnetic pole in il^^ 
neighbourhood, in consequence of the greater force with which the 
particles of the medium are impelled towards the magnet, is so 
obvious a con^uence of mechanical laws that we can scarcely 
avoid attributing the movements of diamagnetic bodies to the 
juat mentioned ; at least, when the body is suspended in air 
ov o^er ma^etie gas. There is, however, some difSculty in 
reocmoOing me above-described phenbmena of compressed and 
cnystaUisM bodies with this vieW; and, moreover, IVndall has 
shown, by a method which we cannot here describe,* that dia- 
magnetic bodies possess opposite poles, analogous to those of 
magnetic bodies, each of these poles being attracted by one pole 
<5i a magnet, and repelled by the other. This polarity shows de- 
cidedly mat the properties of diamagnetic bodies cannot be wholly 
due to the differential action above mentioned ; for if they were, 
every part of a diamagnetic body would be repelled by either 
pole ol a magnet. Diamagnetiem must therefore, for the present 
at least, be regarded as a force distinct from magnetism. 


EliEOTBICITY. 

When glass, amber, or sealing-wax is rubbed with a dry cloth, it, 
acquires the power of attracting light bodies, as feathers, dust, or bits 
of paper ; this is the result of a new and peculiar condition of the 
body rubbed, called electrical excitation. 

Ii a light downy feather be suspended by a thread of white silk, 
and a dry glass tube, excited by rubbing, be presented to it, the 
feather will be strongly attracted to the tube, atlhere to its suiface 
for a few seconds, and then fall off. If the tube lie now excited 
anew, and presented to the feather, the latter w'ill be strongly 
repelled. 

The same experiment may be repeated with shellac or resin ; 
the feather in its ordinary state will be drawn towards the excited 
body, and, after touching, again driven from it with a certain degree 
of force. 

Now, let the feather be brought into contact with the excited 
glara, so as to be rejielled by that substance, and let a piece of 
excited sealing-wax 1 m porteented to it : a degree of attraction will 
be observed for exceeding that exhibited when the feather is in its 
ordinary state. Or, t^ain, let the feather be made repulsive for 
sealing-wax, and then the excited glass be presented : strong attrac- 
tion will ensue. 

* Pliil. 'nans., 1866 sod 1866 ; see also Watts’s Dictionary of Chemis- 
tiy, vol. iiL p. 776. 
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The reader will at once see the perfect parallelism between the 
effects described and some of the phenomena of ma^metism, the 
electrical excitement having a twofold nature, like the opposite 
polarities of the magnet. A body to which one kind of excitement 
has been communicated is attracted by another body in the oppo- 
site state, and repelled by one in the same state ; the excited gl^s 
and resin bein^ to each other as the north and south poles of a 
pair of m^neti^ bars. 

To distinguish these two different forms of excitement, terms are 
employed ^i^ch, although or^finating in some measure in ^eor- 
eticai views of the nature of the elMtrical disturbance, may be 
understood by the student as purely arbitrair and distinctiye : it 
is customary to call the electricity manifested by glass rubbed with 
silk poaUive or vitreotu, and that developed in the case of shellac, 
and bodies of the same cla^ rubbed with flannel, negative or rmn- 
otw. The kind of electricity depends in some measure upon the 
nature of the surface and the (quality of the rubber ; smooth and per- 
fectly clean glass, rubbed with suk, becomes positive, but wnen 
ground or roughened by sand or emery, it arauires, under the same 
circumstances, a negative chaige. Glass dried over a gas flame and 
rubbed with wool is generally also negative ; when dried over a 
fire of wood-charcoal it remains positive. 

The repulsion shown by bodies in the same electrical state is 
taken advantage of to construct instruments for indicating electrical 
excitement and pointing out its kind. Two balls of elder pith, 
hung by threads or very fine metal wires, serve this purpose in 
many cases : they open out when excited, in virtue of their mutual 

Fig. 49. Fig. 60. 



repulsion, and show by the degrees of divergence the extent to 
which the excitement has been carried. A pair of gold leaves sus- 
pended to a metal rod having a brass plate on its upper end con- 
stitute a much more delicate arrangement, and one of great value 
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in all electrical investigations. The rod should be covered with a 
thick coating of shellac, and it must be fastened by means of a cork, 
aii^tight, into a glass flask. The flask must have been perfectly 
dried previously by warming it These instruments are called 
idecticp^pes or electrometers : when exdted by the communi<mtijjtn 
k^oim kind of electricity, they show, by an increased or dimin* 
MiibA divergence, the state of* an dectrined body brought Into 
their neighMUrhood 

One kmd of electricity can no more he developed without the 
other than one kind of magnetism : the rubber and the body rubbed, 
always assume opposite .states, and the positive condition on the 
surface of a mass of matter is invariably accompanied by a native 
state in aU surrounding bodies. 


Fig. 61 . 
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The inaction of magnetism in soft iron has its exact coimter- 
part in electricity : a body already electrified disturbs or polarises 
the particles of all surrounding substances in the same manner and 
according to the same law, inducing a state opi)osite to its own in 
the nearer portions, and a similar state in the more remote parts. 
A series of globes suspended by silk threads, in the manner repre- 
sented in fig. 51, will each become electric by induction when a 
charged body is brought near the end of the series, like so many 
pieces of iron in the vicinity of a magnet, the positive half of each 
globe looking in one and the same direction, and the negative half 
in the opposite one. The positive and negative signs are intended 
to' represent the states. 

The intensity of the induced electrical disturbance diminishes 
with the distance from the charged body ; if this be removed or 
discharged, all the effects cease at once. 

So far, the greatest resemblance may be traced between these 
two sets of phenomena ; but here it seems in great measure to cease. 
The magnetic polarity of a piece of steel can awaken polarity in a 
second piece in contact with it by the act of induction, and in so 
doing loses nothing whatever of its power : this is an effect com- 
pletdy different from the apparent transfer or discharge of elec- 
tricity constantly witnessed, which in the air and in liquids often 
gives rise to the appearance of a bright spark of fire. Indeed, 
ordinary magnetic effects comprise two groups of phenomena only, 
those, namely, of attraction and repulsion, and those of induction. 
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But in electricity, in addition to phenomena very closely resem- 
bling these, we hav(* the effects of ducltarge^ to which there is 
nothing analogous in magnetism, and which takes place in an 
instant when any electrifi^ body is put in commimication with 
earth by any one of the class of substances called conductors of 
el&^trioity, all signs of electrical disturbance then ceasing. « 

These conductors of electricity, ^iriiich thus permit di^harge to 
take place through their mass, are contrasted with anotiier cla^ 
of substances called non-conductors of insulators. The difference, 
however, is only one of d^ee, not of kind ; the very best con- 
ductors offer a certain resistance to the electrical discharge, and 
the most perfect insulators permit it to a small extent. The metals 
are by fer the best conductors ; glass, silk, shellac and dry gas, or 
vapour of any sort, the very worst ; and between these mere are 
bodies of all degrees of conducting power. 

In good conductors of sufficient size electrical discharges take 
place silently and without disturbance. But if the charge he very 
intense, and the conductor very small, or imperfect from its nature, 
it is often destroyed with violence. 

Wlien a break is made in a conductor employed in effecting the 
discharge of a highly-excited Ixvdy, disruptive or spark-<lischarge 
takes place across the intervening air, provided the ends of the 
conductor Ikj not too distant. The electrical spirk itself pre- 
sents many points of interest in the modifications to which it is 
liable. 

* The time of transit of the electrical wave through a chain of 
good conducting bodies of great length is so minute as to he alto- 
gether inappreciable to ordinary means of observation. Professor 
Wheatstone^ very ingenious experiments on the subject give, in 
the instance of motion through a copper wire, a velocity suri>assmg 
that of light. 

Electrical excitation is manifested only upon the surfaces of con- 
ductors, or those portions directed towards other objects capable 
of assuming the opposite state. An insulated ball charged with 
positive electricity, and placed in the centre of the room, is main- 
tained in thiit state hy the inductive action of the walls of the 
apartment, which immediately become negatively electrified; in 
the interior of the hall there is absolutely no electricity to found, 
although it may be constructed of open metal gauze, with meshes 
half an inch wide. Even on the surface the distribution of electrical 
force is not always the same ; it depends upon the figure of the 
body itself, and its position with regard to surrounding objects. 
The polarity is always highest in the projecting extremities of the 
same conducting mass, and greiitest of all when these are attenuated 
to points ; in which case the inecmality becomes so great that 
disdiarge takes place to the air, and the excited condition cannot 
he maintained. 

By the aid of these principles, the construction and use of the 
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common electrical machine, and other pieces of apparatus of great 
utility, will become intelligible. . 

A glass cylinder is mounted with its axis in a horizontal position, 
and provided with a handle or winch by which it may be turned. 
A leather cushion is made to press by a spring against one 8ide|pf 
the cylinder, while a large metal conducting body, armed witn a 
number of points next tne glass, occupies the other : both cushion 
and conductor are insulated by glass supports, and to the upper 
edge of the former a piece of silk is attached long enough to reach 
half round the cylinder. Upon the cushion is spread a quantity 
of soft amalgam of tin, zinc, and mercury,* mixed up with a little 
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grease : this substance is found by experience to excite glass most 
powerfully. The cylinder, as it turns, becomes charged by fric- 
tion against the rubber, and as auickly discharged by the row 
of points attached to the great conauctor ; and as the latter is also 
completely insulated, its surface speedily acquires a charge of 
positive electricity, which may be communicated by contact to 
other insulated bodies. The maximum effect is produced when 
the rubber is connected by a chain or wire with the earth. If 
negative electricity be wanted, the rubber must be insulated and 
the conductor discharged. 

Another form of the electrical machine consists of a circular 

* 1 part tin, 1 zinc, and 6 mercuiy. An amalgam of permanent softness 
and great efficacy is obtained by mixing 65 parts mercury, 24 tin, and 11 
zinc. It is better applied to silk than to leather. 


ELECTRICITY. 


93 


plate of glass (fig. 53) moving upon an axis, and provided with two 
pairs of cushions or rubbers, attached to the upper and lower parts 
of the wooden frame, covered with amalgam, between which the 
plate moves with considerable friction. An insulated conductor, 
armed as before with points, discharges the plate as it turns, the 
rii||)ber being at the same time connected witn the ground by the 

Fig. 



wood- work of the machine, or by a strip of metal. This form of 
tiie apparatus is preferred in all cases where considerable j)ower is 
wanted. 

In the management of electrical apparatus, great care must 
be taken to prevent deposition of moisture from the air upon 
the surface of the glass supports, which should always be varnished 
with fine lac dissolved in alcohol ; the slightest film of water is 
sufficient to destroy the power of insolation. The rubbers also 
must be carefully dried, and, like the plate, cleansed from adhering 
dust before use, and the amalgam renewed if needful : in damp 
weather much trouble is often experienced in bringing the machine 
into powerful action. 

When the conductor of the machine is chaiged with electricity, 
it acts indirectly on, and accumulates the contrary electricity to 
its own, at the surface of all the surroimding conductors. It pro- 
duces the greatest effect on the conductor that is nearest to it and 
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is in tlie best connection with the ground, whereby the electricity 
of the same kind as that of the machine may pass to the earth. 

As the inducing electricity attracts the induced 
electricity of an opposite jnnd, so, on the other 
hand, is flbe former attracted by the latter. Hence, 
the electricity which the conductor receives from 
the machine must especially accumulate at that 
spot to which another good conductor of electricity 
is opposed. If a mehu disc is in connection with 
the conductor of a machine, and if another similar 
disc, which is in good connection with the earth, 
is placed opposite to it, we have an arrangement 
by which tolerably large and good conducting sur- 
faces can be brought close to one another : thus 
the positive condition of the first disc, as well as 
the negative condition of the other, must be in- 
creased to a very considerable degree : the limit 
is in this case, however, soon reached, because the intervening air 
easily permits spark-discharge to take place through its substance. 
With a solid insulating body, as glass or lac, this happens with 
much greater difficulty, even when the plate of insulating matter 
is very thin. It is on this principle that instruments for the 
accumulation of electricity depend, among which the Leyden jar 
is the most important. 

A thin glass jar is coated on both sides with tinfoil, care being 
taken to leave several inches of the upper part uncovered (fig. 64) 
a wire, terminating in a metallic knob, communicates with the 
internal coating. When the outside of the jar is connected with 
the earth, and the knob put in contact witn the conductor of the 
machine, the inner and outer surfaces of the glass become respec- 
tively positive and negative, until a very great degree of intensity 
has been attained. On completing the connection between the 
two coatings by a metallic wire or rod, dischaige occurs in the 
form of an exceedingly bright spark, accompanied by a loud snap ; 
and if the human body be interposed in the circuit, the peculiar 
and disagreeable sensation of the electric shock is felt at the moment 
of its completion. 

By enlarging the dimensions of the jar, or by connecting together 
a number of such jars in such a manner that all may be charged 
and discharged simultaneously, the power of the apparatus may be 
greatly augmented. Thin wires of metal may be fused and dis- 
sipated ; pieces of wood may be shattered ; many combustible sub-' 
stances set on fire ; and all the well-known effects of lightning 
exhibited upon a small scale. 

The electric spark is often very conveniently employed in 
chemical inquiries for firing gaseous mixtures in closed vessels. 
A small Leyden jar charged by the machine is the moat effective 
amiJdvmce for this purpose; but^ not unirequently, a method 
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may Ite resorted to which involves less preparation. This method 
was devis^ by Bunsen. A large porcelain tube, which is dry and 
warm, is wrapped round and rubbed briskly by a dry silken cloth, 
and alter each lub, the tube is brought in the immediate neigh- 
bourhood of the knob of a small Leyden jar, the outer coating of 
this vessel being in connection with the earth. 

The electrophorus is also frequently used for tins purpose. 
This instrument consists of a rouj-.d trav or dish of tinned plate, 
having a stout wire round its upper eage; the width may be 
about twelve inches, and the depth half an inch. This tray is 
Med with melted shellac, and the surface rendered even as 

S ossible. A brass disc, with rounded edge, of about pine inches 
iameter, is also provided, and 
fitted with an insulating handle. 

V^en a spark is wanted, ^e 
resinous plate is excited by strik- 
ing it with a dry, warm piece of 
fur, or a silk handkerchief; the 
cover is placed uiion it, and 
touched by the finger, together 
with the rim of the plate. When 
the cover is raised, it is found so 
strongly charged by induction 
with positive electricity, as to give a bright spark ; and, as the 
resin is not dischaiged by the cover, which merely touches 
it at a few points, sparks may be drawn as often as may be 
wished. 

It is not known to what cause the disturbance of the electrical 
equilibrium of the atmosphere is due : experiment has shown that 
the higher r^ons of the air are usually in a positive state, the 
intensity of which reaches a maximum at a particular periM of 
the day. In cloudy and stormy weather the distribution of the 
atmospheric electricity becomes much deranged, clouds near the 
surface of the earth often appearing in a negative state. 

The circumstances of a thunderstorm exactly resemble those of 
the charge and discharge of a coated plate or jar ; the cloud and 
the earth represent the two coatings, and the mtervening air the 
bad conducting body, or dielectric. The polarities of the opposed 
surface and of the insulating medium between them become raised 
by mutual induction, until violent disruptive discharge takes place 
through the air itself^ or through any other bodies which may 
happen to be in the interval. When these are capable of conduct- 
ing fireely, the discharge is silent and harmless ; but in other cases 
it often proves highly destructive. These dangerous eflfects are 
now in a great measure obviated by the use of lightning-rods 
attached to btdldiiigs, the erection of which, however, demands a 
number of precautions not alwayk imderstood or attended to. The 
masts of ships may be guarded in like manner by metal conductors : 


Fife. 65. 
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Sir W. Snow Harris has devised a most ingenious plan for the 
purpose, which is now adopted, with complete success, in' the 
Boyal Navy. 

JSleetricity of Vapottr . — ^The electricity exhibited under certain 
circumstances by a jet of steam, first observed by mere accident, 
but since closely investigated by Sir W^. Armstrong, and afterwards 
by Faraday, is now referred to the friction,vnot of the pure steam 
itself, but of particles of condensed water, against the interior of 
the exit-tube. It has been proved with certainty in the last few 
years that evaporation alone is not capable of disturbing the 
electric^ equilibrium, and the hope first entertained, that these 
phenomena would throw light upon the cause of electrical excite- 
ment in the atmosphere, is now abandoned. The steam is usually 
positive if the jet-pipe be constructed of wood or clean metal, but 
the introduction of the smallest trace of oily matter causes a change 
of sign. The intensity of the charge is, cceteris paribus, increas^ 
with the elastic force of the steam. By this means effects have 
been obtained very far surpassing those of the most powerful plate 
electrical machines ever constructed. 

Although no electricity can be directly evolved by evaporation, 
yet vapour possesses in a high degree the property of discharging 
into the atmosphere that electricity which often accumulates in 
bodies from wnich it arises. The fresh branches and leaves of 
trees do this to the greatest extent. When moistened with rain 
or dew, their surfaces become positively electrical, whilst the in- 
ternal parts, even to the roots, become negatively electrical. « 

ELEOTBZC CURRENT ; EIJICTRIC BATTERY. 

When two solid conducting bodies are plunged into a liquid 
which acts upon them unequally, the electric e(}uilibrium is dis- 
turbed, the one acquiring the positive condition, and the other 
the negative. Thus, pieces of zinc and platinum put into dilute 
sulphuric acid, constitute an arrangement capable of generating 
electrical force: the zinc which is the metal attacked, becomes 
ni^tive; the platinum which remains unaltered, assumes the 
positive condition; and on making a metallic communication 
in any way between the two plates, discharge ensues, as when 
the two sumces of a coated and charged jar are put into connec- 
tion. 

No sooner, however, has this occurred, than the disturbance is 
nqieated ; and as these successive charges and discharges take 
place thrush the fluid and metals with inconceivable rapidity, 
the result is an app^ntly continuous action, to which the term 
i^ieetrical eurreni is given. 

It is nececnaxy to guard agaipst the idea, which the term 
natnrally sa|^ef^, of an actual bodily transfer of something through 
the mbi^ce of the conductors, lixe water through a pipe : the 
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real nature of all these phenomena is entirely unknown; the 
gxpreSagirlg cdhvSment hOtWltEstaSidiflgy and cinis gg mte ^TBy long 
use ; ahd with this caution, the very dangerous error of applying 
figurative language to describe an effect, and then seekmg the 
nature of the effect from the common meaning of words, may be 
avoided. 

The intensity of the electrical excitement developed by a single 
pair of metals and a liquid is too feeble to affect the most delicate 
gold-leaf electroscope ; but, by arranging a number of sqch alter- 
nations in a connected series, in such a manner that the direction 
of the current shall be the same in each, the intensity may be very 
greatljp* exalted. The two instruments, invented by Volta, called 
the pile and crown of cups, depend upon this principle. 

Upon a plate of zinc is laid a piece of cloth, rather smaller than 
itself, steeped in dilute acid, or any liquid capable of exerting 
chuiiical action upon the zinc; upon this is 
placed a plate of copper, silver, or platinum ; 
then a second piece of zinc, another cloth, and 
a plate of inactive metal, until a pile of about 
twenty alternations has been built up. If the 
two terminal plates be now touched with wet 
hands, the sensation of the electrical shock will 
be experienced; but, unlike the momentary 
effect produced by the discharge of a jar, the 
sensation can be repeated at will by repeating 
the contact, and with a pile of one hundrea 
such pairs, excited by dilute acid, it will be 
nearly insupportable. Wlien such a pile is 
insulated, the two extremities exhibit strong 
positive and negative states ; and when connec- 
tion is made between them by wires armed with points of hard 
charcoal or plumbago, the discharge takes place in the form of a 
bright enduring spark or stream of fire. 

Fiff. 67. 




The second form of apparatus, or crown of cups, is precisely the 
same in principle, although different in appearance. A number 

G 
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of cups or glasses are arranged in a row or circle, each, contmning 
a piece of active and a piece of inactive metal, and a^ portion or 
liquid — ^zinc, copper, and dilute sulphuric acid, for ex- 
ample. The copper of the first cup is connected with the zinc of the 
second, the copper of the second with the zinc of the third, tmd 
so to the end of the series. On establishing a communication 
between the-:tot and last plates by means of a wire, or otherwise, 
discharge takes place as before. 

When any such electrical arrangement consists merely of a 
single pair of conductors and an interposed liquid, it is called a 
“simpm circuit;” when two or more alternations are concerned, 
the term “compound circuit” is applied: they are called also, 
indifferently, voltaic batteries. In every form of such apparatus, 
however complex it may appear, the direction of the current may 
be easily understood and remembered. 

When both ends of the series are insulated, the zinc end exhibits 
negative, the copper or platinum end positive electricitv; con- 
sequently, when the two extremities or poles are joined by a 
conducting wire and a complete cii’cuit formed, the current of 
positive electricity proceeds without the battery from the platinum 
or copper to the zinc, and within the battery, from the sMic to the 
copper or platinum, as indicated by the arrows — just as in the 
common electrical machine, when the positive conductor and the 
rubber are joined by a wire, the positive current proceeds from the 
conductor through the wire to the rubber, and thence along the 
surface of the glass cylinder or plate to the conductor again. 

In the mo(fification of Volta’s original pile, made by Cruik- 
abank, the zinc and copper plates are soldered together, and 
cemented water-tight into a mahogany trough, which thqs be- 
comes divided into a series of cells or compartments capable of 
receiving the exciting liquid. This apparatus is well fitted to 
exhibit effects of tension, to act upon the electroscope, and give 
shocks : hence its advant^eous employment in the application of 
electricity to medicine. 

EIK. 9S. 



A form of battery more convenient for most purposes is that 
contrived by Wollaston (fig, 69). In this the copper is made 
completely^ to encircle the zinc plate, except at the edges, the two 
metals being kept apart by pieces of cork or wood. Each zinc is 
soldered to the preceding copper, and the whole screwed to a bar 
of dry mahogany, so that the plates can be lifted into or out of 
the acid, which is contained in an earthenware trough, divided 
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into separate cells. The liquid consists of a mixture of 100 parts 
water, parts oil of vitriol, and 2 parts commercial nitric acicL 
all by measure, A number of such batteries are easily connected 
together bv straps of sheet copper, and admit of being put into 
action witn great ease. 

In all these older forms of the voltaic battery, however, the 
power rapidly decreases, so that, after a short time, scarcely the 
tenth part of the original actic^ii remains. This loss of power 


+ 


depends partly on the gradual change of the sulphuric acid into 
zinc sulphate, but still more on other causes, whieh, together with 
the more modem forms of the battery which have been contrived 
to obviate them, will be more easily understood at a subsequent 
part of the work, when we come to consider the nature and effects 
of electro-chemical decomposition. 

The term “galvanism,” sometimes Mplied to this bi^anch of 
electrical science, is used in honour of Galvani, of Bologna, who, 
in 1*790, made the very curious observation that convulsions could 
be produced in the limbs of a dead frog when certain metals were 
made to touch the nerve and muscle at the same moment. It was 
Volta, however, who pointed out the electrical origin of these 
motions ; and although the explanation he offered of the source of 
the electrical disturbance is no longer generally adopted, his name 
is very prvoperly associated with the invaluable instrument his 
genius gave to science, 

ELECTRO-MAGNETISM — INDUCTION. 

Although the fact that electricity is capable, under certain cir- 
cumstances, both of inducing and of destroying ma^etism, has 
long been known from the effects of lightning on tne compass- 
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needle and upon small steel articles, as knives and forks, to which 
polarity has suddenly been given by the stroke, it was not until 
1819 that the laws of these phenomena were discovered by Oersted, 
of Copenhagen, and shortly afterwards fully developed by Ampfere. 

If a wire conveying an electrical current be brought near a 
magnetic needle, the latter will immediately 
alter its position, and assume a new one as 
nearly perpendicular to the wire as the mode 
of suspension and the magnetism of the earth 
will permit When the wire, for example, is 
placm directly over the needle, and parallel to 
its length, while the cun*ent it carries travels 
from north to south, the needle is deflected 
from its ordinary dii’ection, and the north pole 
driven to the eastward. When the current is 
reversed, the same pole deviates to an equal 
amount towards the west. Placing the wire below the needle 
instead of above produces the same effect as reversing the current. 

The direction which the needle will assume when placed in any 
particular position to the conducting wire may be determined by 
the following rule : — Let the current he supposed to pass through a 
watch from the face to the hack; the motion of the north pole will he 
in the direction of the hands. Or a little piece of apparatus may be 



Fig. 61. 






used if reference is often required : this is a piece of pastelward, or 
other suitable material, cut into the form of an arrow for indicat- 
ing the ciment, crossed by a ma^et having its poles marked, and 
arranged in the true position with respect to the current. The 
direction of the latter in the wire of the galvanoscope can at once 
be known by placing the representative magnet in the direction 
assumed by the needle itself. 

When the needle is subjected to the action of two currents in 
opposite direction^ the one above and the other below, they will 
obviously concur in their effects. The same thing happens when 
the wire carrying the current is bent upon itself, and the needle 
plac^ between the two portions ; and since every time the bend- 
ing is repeated, a fresh portion of the current is made to act in the 
same manner upon the needle, it is easw to see how a current, too 
feeble to produce any effect when a sunple straight wire is em- 
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ployed, may be made by this contrivance to exhibit a powerful 
action on the magnet. It is on this 
principle that instruments called galva- Fig.e2. 

nometersj galvanoscopesj or multipliers^ 
are constructed ; they serve not only to 
indicate the existence of electrical cur- 
rents, but to show, by the effect-^? upon 
the needle, the direction in whicn they 
are moving. 

The delicacy of the instrument may 
be immensely increased by the use of a very long coil of wire, 
and by the addition of a second needle. The two needles are of 
equal size, and magnetised as nearly as possible to the same 
extent ; they are then immovably fixed together parallel, and with 
their poles opposed, and hung oy a long fibre of untwisted silk, 
with the lower needle in the coil, and the upper one above it. 
The advantage thus gained is twofold ; the system is astatic^ un- 
affected, or nearly so, by the magnetism of the earth ; and the 
needles, being both acted upon in the same manner by the cur- 
rent, are urged with much greater force than one alone would 
be, all the actions of every part of the coil being strictly concur- 
rent, A divided circle is placed below the upper needle, by which 
the angular motion can be measured ; and tne whole is enclosed 
in glass, to shield the needles from the agitation of the air. The 
arrangement is sho\m in fig. 63. 




The action between the pole and the wire is mutual, as may be 
shown by rendering the wire itself movable, and placing a magnet 
in its vicinity : on completing the circuit, the wire will be put in 
motion, and, if the arrangement permits, it will rotate around the 
mo^etic pole. 

A little consideration will show that, from the peculiar nature 
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of tKo dectTo-dyxiamic force, wire carrying a current, bent into 
a spiral or*helix, must ^ssesa the properties of an ordinary mag- 
netised bar, its extremities being att^ted and repelled by the 

poles of a magnet Such is really found 
Fig. 64. to be the case, as may be proved by a 

variety of arrangements, among which it 
will be sufficient to cite the beautiful 
^ little apparatus of Professor de la Kive. 
A ^Wii> ^ A short wide glass tube is fixed into a 

considerable size (fig. 64) ; a 
little voltaic batteiy, consisting of a single 
pair of copper and zinc plates, is fitted to 
PHpR the tube, and to these the ends of the 

spiral are soldered. On filling the tube 
with dilute acid, and floating the whole 
in a large basin of water, the helix will be observed to arrange 
itself in the magnetic meridian, and on trial it will be found to 
obey a magnet held near it in the most perfect manner, as long as 
the current circulates. 


Ampfere discovered, in the course of his investigations, a number 
of extremely interesting phenomena resulting from the action of 
electrical currents on each other, which become evident when 
arrangements are made for giving mobility to the conducting wires. 
He found that when two currents, flowing in the same direction, 
are made to approach each other, strong attraction takes place 
between them, and, when in opposite directions, an equally strong 
repulsion. These effects, which are not diffi- 
Fig. 66. cult to demonstrate, have absolutely no relation, 

that has hitherto been traced, to ordinary elec- 
trical attractions and repulsions, fi'om which 
they must be carefully distinguished ; they are 
purely dynamiCj having to do with electricity in 
motion. Ampere founded upon this discovery a 
most beautiful and ingenious hypothesis of 
magnetic actions in general, wlucn explains 
very clearly the influence of the current upon 
the needle. 

When an electric current is passed at right 
angles to a piece of iron or steel, the latter 
acquires magnetic polarity, either temporaiy 
or permanent, as the case may be, the direction 
of the current determining the position of the 
poles. This effect is prodigiously increased by 
causing the current to circulate a number of 
times round the bar, which then acquires extra- 
ordinary magnetic power. A piece of soft iron, 
worked into the form of a horse-shoe (fig. 65), and surrounded 
by a coil of copper wire covered with silk or cotton for the 
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purpose of insulation, fumislies an excellent illustration of 
the inductive energy of the current in this respect : when the ends 
of the wire are put into communication with a small voltaic battery 
of a single pair of plates, the iron instantly becomes so highly 
magnetic as to be capable of sustaining a very heavy weight. 

A current of elestricity can thus develope magnetism in a 
transverse direction to its own ; in the same manner, magnetism 
can call into activity electric c'^rrents. If the two extremities 
of the coil of the electro- magnet above described be connected 
with a galvanoscope, and the iron magnetised bv thse applica- 
tion of a permanent steel horse-shoe magnet to the ends of the 
bar, a momentary current will be developed in the wire, and 
pointed out by the movement of the needle. It lasts but a single 
instant, the needle, after a few oscillations, returning to a state of 
rest. On removing the magnet, whereby the polarity of the iron 
is at once destroyed, a second current or wave will become apparent, 
but in the opposite direction to that of the first. By employing 
a very powerful steel magnet, surrounding its iron keeper or arma- 
ture with a veiy long coil of wire, and then making tne armature 
itself rotate in front of the faces of the magnet, so that its induced 
polarity shall' be rapidly reversed, magneto-electric currents may 

Fiff. 66. 



be produced, of such intensity as to give bright sparks and most 
powerful shocks, and exhibit all the phenomena of voltaic elec- 
tricity. Fig. 66 represents a very powerful arrangement of this 
kind. 

When two covered wires are twisted together or laid side by 
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side for some distance, and a current transmitted through the one, 
a momentary electrical wave will he induced in the other in the 
reverse direction ; and on breaking connection with the battery, a 
second single wave will become evident by the aid of the galvano- 
scope, in the same direction as that of the primary current. In the 
same way, when a current of electricity passes through one turn 
in a coil of wire, it induces two secondary currents in all the other 
turns of the coil ; the first current, which is induced when the circuit 
is closed, moves in the opposite direction to the primary current ; 
the second, which comes into existence when the circuit is broken, 
has a motion in the same direction as the primary current. The 
effect of the latter is added to that of the primary current. Hence, 
if a wire coil be made part of the conducting wire of a weak electric 
pile, and if the primary current, by means of an appropriate 
arrangement, be made and broken in rapid succession, we can 
increase in a remarkable manner the effects which are produced at 
the moment of breaking the circuit, either at the place of intenup- 
tion, such as the spark-discharges, or in secondary closing conduc- 
tors, as in the action on the nerves or the decomposition of water. 

If two copper wires, the one above the other, be twisted round 
the same hollow cylinder, and one of these wires — for instance, 
the inner one — be made ^art of a galvanic circuit, a current of 
short duration is induced in the outer wii’e, both by making and 
by breaking contact. The strength of this current can be very 
appreciably increased by filling the hollow cylinder with a bundle 
of thin iron rods, when magnetic and electrical induction are made 
to co-opeiate. The more frequently contact is alternately made 
and broken, the greater is the number of induced currents that 
follow each other, and the more powerful, within certain limits, is 
the action. Dr. Neefhas constructed an ingenious contrivance, in 
which contact is made and broken by the current itself, whereby 
his induction apparatus actually becomes an electrical machine. 
Fig. 67 exhibits the original apparatus slightly modified. The 
arrangement consists essentially of an elastic copper strip a a\ 
which is fixed at a', and carries at 6 a small plate of soft iron. 
The latter hangs over the iron rods of the induction coil, which 
are somewhat raised in this particular point, but without touching 
them. The end, a, of the copper strip is covered with a little 
plate of platinum, which presses against a platinum point of the 
screw, c. The current, having traversed the inner coil, passes from 
the point, c, to the plate, a, in order to return through the copper 
strip, a a', and the wire, s. By the passage of the current the iron 
rods have become magnetic and attract the iron plate, 6, whereby 
the end, a, of the copper strip is removed from the platinum point,' 
and contact is broken. But as soon as the current ceases, the iron 
rods lose their magnetism, the elastic copper strip returns to its 
former position, and establishes again the current for a short time. 
The screws, c and d, regulate the position of the spring and the 
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time of its oscillations, the velocity of which may he estimated hy 
the pitch of the notes produced. T^his apparatus, called an induc- 
tion coil, which was first made hy Dr, Neef, in 1830, has heen 
considerahly improved within the last few years. Buhmkorff 
especially, by a more perfect isolation of the wire coils, has sue- 

Fig. fJ7. 
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Veeded to a mucli greater extent in preserving the electrical induc- 
tion. He has thus obtained a state of electrical tension which 
resembles that produced by frictional electricity, capable of giving 
long ^arks and shocks of iinendurable force. By means of 
RunflOcorff^s coH, Grove has effected decompositions in water and 
other bad-conducting liquids, which resemble those obtained many 
years ago by Wollaston by means of the electrical machine. These 
phenomena of decomposition, which in water, for instance, furnish 
oxygen and hydrogen at the same pole, must be distinguished 
from true electro-chemical decompositions ; they are, in fact, effects 
of heat, as Grove has pointed out. 

THERMO-ELECTRICITY. 

In the year 1822 Professor Seebeck of Berlin discovered a new 
source of electricity, namely, inequality of temperature, and con- 
ducting pow'er in different metals placed in contact, or in the 
same metal in different states of compression and density. 

Where two pieces of different metals, connected together at each 
end, have one of their joints more heated than the other, an electric 
current is immediately set up. Of all the metals tri^, bismuth 
and antimony form tne most powerful combination. A single 
pair of bars naving one of {heir junctions heated in the manner 
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shown in fig. 68 can develope a current strong enough to deflect a 
compass needle placed within ; and, by arranging a number in a 
series and heating their alternate ends, the intensity of the current 
may be very much increased. Such an arrangement, represented 
in ng. 68, a, is called a thermo-electric pile. 

Fig. 68. Fig. 68, a. 



The current produced by this instrument, even with a great 
number of alternations, is exceedingly feeble when compared with 
that produced by the voltaic pile ; but the thermomultiplier placed 
in contact with a delicate galvanoscopo forms an instrument for 
measuring small variations of temperature far surpassing in delicacy 
the most sensitive air-thermometer: it lias rendered most important 
service in the study of radiant heat. 

ANIMAL ELECTRICITY. 

Certain fishes, as the torpedo or electric ray and the electric eel 
(OymTwtvs electriciLs), of South America, are furnished with a 
special oi^n or apparatus for developing electric force, which is 
employed in defence or in the pursuit of prey. Electricity is here 
seen to be closely connected with nervous powers ; the shock is 
given at the will of the animal, and great exhaustion follows 
repeated exertion of the power. 


PAST II. 

CHEMISTEY OF ELEMENTABY BODIES. 

The term ekmmit or element^ whiUtm^ is applied in cheioistty 
to those fonns or modifications of matter wMch have hitherto 
resisted all attempts to decompose them. Nothing is erer meant 
to be affiimedconcem^their real nature; they are sunplj elements 
to ns at Uie present time; hereafter, by new methods oi research, 
or by new combinations of those alrmy possessed by science, 
many of the substances which now figure as elements may possibly 
be shown to be compounds; this has already happened, and may 
again take place. 

The elementary bodies, at present recognised, are sixty-three 
in number, and aWt fifty of them belong to the class of mdak. 
Several of these are of recent discovery, and as yet very imper- 
fectly known. The distinction between metals and non-metallic 
substances, or although very convenient for purposes of 

description, is entirely arbitrary, since the two classes graduate 
into each other in the most complete manner. 

The names of the elements are given in the following table. 
Opposite to them in the third column are placed certain numbers^ 
which express the proportions in which they combine together, or 
simple multiples of those proportions ; these numbers, for reasons 
which will be afterward explaiu^ are called Atomic or 
Indivisible Weights. In the second colmn are placed sym- 
bols by which these weights are denoted ; thew symbols are formed 
of the first letters of the Latin names of the elements, a second 
letter being added when the names of two or more elements begin 
with the 'same letter. 

The names of the most imprtant elements are distinguished 
by the largest and most conspicuous type ; those next in impor- 
tance, by small capitals ; while the names of elements which are 
of rare occuirence, or of which our knowledge is still imperfect, 
are printed in the ordinary type. The names with an asterisk are 
those of Metalloids, the others are nmnes of Metals. 
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Table of Elementary Bodies with their Symbols 
AND Atomic Weights. 



Atomic 

Weight 



Atomic 
Spnht ^ Weight 


ALWKtmjni 

4^i¥ony (Sti- 
bium) 
AU6£N10 
Baiiium 
Beryllium 
Bismuth 
Bokon* 
BBOMIHE* 
Cadmium 
OsBsium 
CALOIUM 
CABBON« 
Cerium 
CKLOEIKE* 
Chhomium 
Cobalt 
COFFEE (Cn- 
pram) 
Didjrmium 
Erbium 
FLUOEIEE^ 
Gold {Auriim) 
'MYDMOaJSN* 
Indium 
lOBINE* 

Iridium 

lEON (Ferruin) 
Lanthanum 
LEAD (Plum- 
bum) 

Lithium 
Magnesium 
MAKGAKESE 
KEECTJEY (Hy- 
drargyrum) 


’jti Molybdenum 
Nickel 
122 Niobium 
75 KITEOGEB^ 

•137 Osmium 
9-4 OXYGEN* 

210 Palladium 
11 FHOSFHOEGS* 

80 FLATnnrM 
112 FOTASSIBM { 
(Kalium) 

Rhodium 
Rubidium 
Ruthenium I 
Selenium* 

SIUOIGM 
SILVER (Argen- 
tum) 

SODIUM (Na- 
trium) 

Strontium 
SULFHUE* 

Tantalum 
Tellurium* 

Thallium T1 

Thorinum Th 

TIN (Stannum) Sn 
Titanium Ti 

Tungsten, or 
Wolfram W 

Uranium U 

Vanadium 
Yttrium 
ZINC 
Zirconium 




It must be distinctly understood that the atomic or combining 
weights assigned to the elements are merely relative. The number 
1 assigned to hydrogen may represent a grain, ounce, pound, gram, 
kilogram, &c., and the numbers assigned to the other elements 
will then represent so many grains, ounces, pounds, grams, kUo- 
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grams, &c. Hydrogen is taken as the unit of the scale, because 
its combining weight is smaller than that of any other element ; 
but this is merely a matter of convenience ; in the older tables of 
atomic wei^ts that of oxygen was assumed as 100, that of carbon 
being then 76, that of hydrogen 6*25, &c., &c. 

By the combination of the elements in various proportions, and 
in of two, thre^ or lai^ numbers, all known compound 

bo<ues axe product And here it is important to state cleany the 
characters which distinguish true chemical combination from 
mechanical mixture, and mom that kind of adhesion which gives 
rise to the solution of a solid in a liquid. Bodies may be miked 
toge&er in^y proportion whatever, the mixture always exlubit- 
iug, properties intermediate between those of its constituents, and 
in regular gradation, according to the quantity of each that may 
be present, as may be sqen in me fusion together of metals to form 
alloys, in the mixture of water with alcohol, of alcohol with ether, 
and of different oils one with the other. A BoUd body may also 
be dissolved in a liquid — salt or sugar in water, for example — in 
any proportion up to a certain limit, the solution likewise exhibit- 
ing a regular gradation of physical properties, according to the 
quantity of the solid taken up. But a true chemical compound 
exhibits properties totally different from those of either of its con- 
stituent elements, and the proportion of these constituents «rhich 
form that particular compound admits of no variation whatever. 
Water, for example, is composed of two elements, ‘ oxygen and 
liydrogen, which, when separated from one another, appear as 
colourless gases, differing widely in their properties one from the 
other, and from water in the state of vapour ; moreover, water, 
whether obtained from natural sources, or formed by direct com- 
bination of its elements, always contains in 100 parts by weight, 
88*9 pitrts of oxygen, and 11*11 of hydrogen. • Common salt, to 
take another example, is a compound of chlorine and sodium, the 
former of which, in the separate state, is a yellow mis, the latter a 
yellowish-white highly lustrous metal, capable of burning in the 
air, and decomposing water ; moreover, from whatever part of the 
world the salt may be obtained, 100 parts of it invariably contain 
39*6 parts of sodium, and 60*4 parts of chlorine. Further, when 
two or more compounds are formed of the same elements, there is 
no gradual blendmg of one into the other, as in the case of mix- 
tures, but each compound is sharply defined, and separated, as it 
were, from the others by an impassable gulf, exhibiting properties 
distinct from those of the others, and of the elements themselves 
in the separate state. Thus, there are two compounds of carbon 
and oxygen, one of which, containing 3 parts, by weight, of carbon, 
with 4 of oxygen, is an inflammable gas, lighter than atmoepheric 
air, and not absorbed by solution of potash; wMIe the other 
which contains 3 ports of carbon and 8 of oxygen, is non-inflma- 
mable, heavier than air, and easily absorbed by potash. } 
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We now proceed to the special description of the non-metallic 
elements, commencing with those which enter into the composi- 
tion of the ocean and the atmosphere. 


OXYOjsm. 

Atomic weight, 16 ; symbol, 0. 

Oxygen was discovered in the year 1774, by Scheele, in Sweden, 
and 'Priestley, in hhigland, independenuy of each other, and 
dat^bed tmder the terms empyreal air and dqahlogitticattd tm, 
asme oxygen was given to it by Lavoisier some time after- 
Q^gen exists in a free and tmcombined state in the 
Istihoqthei^ mingled with anotiier gaseotts body, nitoegen. No 
' vay good direct means exist, however, for separating it from the 
latter; aqd, accordingly, it is always obtained for purposes of 
experiment by decomposing certain of its compounds, which are 
very numerous. 

The red oxide of mercury, or red precipitate of the old writers, 
may be employed for this purpose. In this substance the attraction 
wm<^ hol^ together the mercury and the oxygen is so feeble, 
that ample exposure to heat suffices to bring about decomposition. 



[The red precipitate is placed in a short tube of hard glass, to which 
jis fitted a perforated cork, furnished with a piece of narrow glass 

t * Frinn 6£b, add, and a root sJanifriiUMirodactioii. 
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tube, bent as in fig. 6f). The heat of a spirit-lamp being applied 
to the substance, decomposition speedily commences ; globules of 
metallic mercury collect in the cool part of the wide tube, which 
answers the purpose of a retort, while gas issues in considerable 
quantity from the apparatus. This gas is collected and examined 
by the aid of the pncmmatic trough, which consists of a vessel of 
water provided with a shelf, upon which stand the jars or bottles 
destined to receive the gas, filled -with water and inverted. By 
keeping the level of the liquid above the mouth of the jar, the 
water is retained in the latter by the pressure of the atmosphere, 
and entrance of air is prevented. When the jar is brought over 
the extremity of the ^-delivery tube, the bubbles of gas rising 
through the water, collect in the up^r part of the iar, and dis- 
place the liquid. As soon as one jar is fiUecL it may be remove^ 
still' keeping its mouth below the wateivleveL and another substi- 
tuted. The Whole arrangement is shown in fig. 69. 

'!^e experiment here described is more instructive as an excel- 
lent case of the resolution by aintple means of a compound bo^ 
into its constituents, than valuable ob a source of oxygen gas. A 
better and more economical metkod is to expose to heat in a retort, 
or flask furnished with a bent tube, a portion of the salt called 
potassium chlorate. A common Moreiice flask serves perfectly 
weU, the heat of the spirit-lamp being sufficient. The smt melts 
and decomposes mth ebullition, yielding a very large quantity of 
oxygen gas, which may be collect in the way above described 
ffhe first portion of the gas often contains a little chlorine. The 
white saline residue in the flask is potassium chloride. Tins plan, 
which is very easy of execution, is always adopted when very pure 
gas is required for analytical purposes. 

A third method, very good when perfect purity is not demanded, 
is to heat to redness, in an iron retort or gun-barrel, the black man- 
ganese oxide of commerce, which under these circumstances suflers 
decomposition, although not to the extent manifest in the red 
precipitate. 

If a little of the block manganese oxide be finely powdered and 
mixed wdth potassium chlorate, ^d this mixtui'e heated in a flask 
or retort by a lamp, oxygen will be disengaged with the utmost 
facility, and at a far lower temperature than when the chlorate 
alone is used. All the oxygen comes linm the chlorate, the man- 

g anese remaining quite unaltered. The materials should be well 
lied in a capsule Mfore their introduction into the flask. This 
experiment affords an instance of an effect by no means rare, in 
which a body seems to act by its mere presence, without taking 
any obvious part in the change brought about. 

Methods for the preparation of oxygen on a laige scale will be 
found described under the heads of sulphuric acid and barium 
dioxide. 

Whatever method be chosen — and the some remark applies to 
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the collection of all other gases by similar means — the first por- 
tions of gas must be suftered to escape, or be received apart, as 
they are contaminated by the atmosplieric air of the a])j)ar{itus. 
The practical management of gases is a point of great imj)()rtauce 
to the chemical student, and one with which he must endeavour 
to familiarise himself. The water-trough just described is one of 
tlie most indispensable ai*ticles of the laboratory, and by its aid all 



experiments on gases are carried on when the gases themselves are 
not sensibly act^ upon by water. The trough is best constructed * 
of japanned copper, the form and dimensions being regulated by 
the magnitude of the jars. It should have a firm shelf, so arrangeth 
as to be always about an inch below the level of the water, and in 
the shelf a groove should be made about half an inch in width, 
and the same in depth, to admit the extremity of the delivery- 
tube beneath the jar, which stands securely upon the shelf. When 
the pneumatic trough is required of tolerably large dimensions, 
it may with great advantage nave the foim and dispositions repre- 
senfov? The end of the ^00\e. 

to ito b, 

. -top. 
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cock for traTisferrin^^ gas to bladders or caoutchouc bags. When 
such a vessel is to he filled with water, it may be slowly sunk 
in an upright position in the well 
of the piieuiriatic trough, the stoj)- 
cock being open to allow the air to 
escape, until the water reaches the 
brass cap. The cock is then to be 
turned, and the jar lifted upon the 
shelf, and filled with gas in tne usual 
way. If the trough be not deep 
enough for this method of proceeu- 
ing, the mouth may be applied to 
the stop-cock, and the vessel filled 
by sucKing out the air until the 
water rises to the cap. In all cases 
it is proper to avoid as much as 
possible wetting the stop-cocks, and 
other brass apparatus. 

Mr Pepys contrived, many years 
ago, an admirable piece of apparatus for storing and retaining 
lai*ge quantities of gas. It consists of a drum or reservoir of sheet 
copper, surmounted by a shallow trough or 
cistern, the communication between the Fig. 72. 

two being made by a couple of tubes fur- 
nished with stop-cocks, one of which passes 
nearly to the bottom of the drum, as ^own 
in fig. 72. A shoit wide open tube is in- 
serted obliquely near the bottom of the 
vessel, int(j which a plug may be tightly 
screwed. A stop-cock near the top serves 
to transfer gas to a bladder or tube-appa- 
ratus. A glass water-gauge affixed to the 
side of the drum, and conimimicating with 
both top and bottom, indicates the level 
of the liquid within. 

To use the gas-holder, the plug is first 
to be screwed into the lower opening, and 
the drum completely filled with water. All 
three stop-cocks are then to be closed and the plug removed. The 
pressure of the atmosphere retains the water in the gas-holder, and 
if no air-leakage occurs, the escape of water is inconsiderable. The 
extremity of the delivery-tube is now to be well pushed tl^ough 
the open aperture into the drum, so that the bubbles of gaa may 
rise without hindrance to the upper part, displacing the water, 
which flows out in the same proportion into a vessel placed for its 
reception. When the drum is filled, or enough gas h^ been 
collected, the tube is. withdrawn and the plug screwed into its 
place. 
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When a portion of the gas is to be transferred to a jar, the latter 
is to be filled with water at the pneumatic trough, carried bv the 
help of a basin or plate to the cistern of the gas-holder, and placed 
over this shorter tube. On opening the cock of the neighbouring 

tube, the hydrostatic pressure of the 
78 . colunm of water will cause compression 

of the gas, and increase its elastic force, 
so that, on gently turning the cock be- 
neath the jar, it will ascend into the 
latter in a rapid stream of bubbles. 
The jar, when filled, may again have 
the plate slipped beneath it, and be 
removed without difficulty. 

Oxygen, when free or uncombined, 
is known only in the gaseous state, 
all attempts to reduce it to the liquid 
or solid condition by cold and pressure 
having completely failed. When piu e, it 
is colourless, tasteless, and inodorous. 

Oxygen is bulk for bulk a little heavier than atmospheric air, 
its specific gravity being 1T0503, refeired to that of air as unity, 
and 16 referred to that of hydrogen as unity. A of gxygeuji 
at the standard temperature and pressure, tnat iJ to say, at 0® C.,f 
and 7 60 millimeters barometric pressure, w^hs-J.*A3J2M^.grain. 
At 15-5® C, (60® T,), and under a pressure ofSO inches, 1()() cubic 
inches of the gas weigh 34*20 grains. • 

Oxygen is the sustaining principle of animal life, and of all the 
ordinary phenomena of combustion. Bodies which burn in the air, 
burn with greatly increased splendour in oxygen gas. If a hiper 
be blown out, and then intiwliiced while the wick remains red- 
hot, it is instantly rekindled: a slip of wood or a mutch is relighted 
in the same manner. This effect is highly characteristic of oxygen, 
there being but one other gas which possesses the same pif»perty ; 
and this is easily distiiiguiSied by other means. The experiment 
with the match is also constantly used as a rude test of the 
X>urity of the gas when it is about to be collected from the retort, or 
when it has stood some time in contact with water exposed to air. 

When a bit of charcoal is affixed to a wire, and plunged with a 
single point red-hot into a jar of oxygen, it bums with eat bril- 
liancy, throwing otf beautiful scintillations, until, if tne oxygen 
be in excess, it is completely consmned. An iron wire, or, still 
better a steel watch-spring, anncd at its extremity with a bit of 
lighted amadou, and introduced into a vessel of oxygen gas, 
exhibits a most beautiful phenomenon of combustion. If the 
experiment l>e made in a jar standing on a plate, the fused 
globules of black iron oxide fix themselves in the glaze of the 
latter, after falling through a stratum of water half an inch in depth. 

, Kindled sulphur burns with great beauty in oxygen ; and phos- 
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phorus, under siiniLir circumstances, exhibits a splendour which 
the eye is scarcely; able to support. In each case the burning body 
enters into combination with the oxygen, forming a compound 
called an oxide. 

Wh^ a body bums in oxygen gas the same ultimate effect is 
produced as in atmospheric air; the action is, however, moie 
energetic, from the absence of the gas which, in the air, dilutes the 
oxygen and enfeebles its chemical powers. The process of respira- 
tion in animals is an effect of the saihe natiire as common com- 
bustion. The blood contains substances which slowly bum by 
the aid of the oxygen thus introduced into the system. When thw 
action ceases, life becomes extinct. 

Oxides. — General Laws of Chemical Combination, 
Chemical Nomenclature, and Notation. The compounds 
formed by the union of oxygen with other bodies bear the 
general name of oxides; they are very numerous and impor- 
tant They are conveniently divided into three principal groups 
or classes. The first division contains all those oxides which 
resemble in their chemical relations the oxides of potassium, 
sodium, silver, or lead: these are denominated alkaline or 
basic oxides. The oxides of the second group have proper- 
ties opposed to those of the bodies mentioned; the oxides of 
siil])hur and phosphorus may be taken as the typical repre- 
sentatives of the class; they are called acid oxides, and are 
capable of uniting with the basic oxides, and fomiing com- 
j)ounds called salts. Thus, when the oxide of sulphur, called 
sulphuric oxide, is passed in the state of vapour over heated 
barium oxide, combination takes place, attended with vivid incan- 
descence, and a salt called barium sulphate is produced, contain- 
ing all the elements of the two original bodies, namely, barium, 
sulphur, and oxygen. 

There is also an inteniiediate group of oxides called neutral 
oxides, from tbeir slight disposition to enter into combination. 
The black oxide of manganese, already mentioned, is an excellent 
example. It must not be supposed, however, that the three groups 
of oxides just mentioned are separated from each other by decided 
lines of demarcation ; on the contrary, they blend into one another 
by imperceptible degrees, and the Siime oxide may, in many cases, 
exhibit either acid or basic relations, according to the circum- 
stances under which it is placed. 

Among salts, there is a particular group, ijaniely, the hydro- 
gen salts, containing the elements of an acid oxide and water 
(hydrogen, oxide), wmch are especially distinguished as acids, 
because many of them possess in an eminent degree the properties 
to which the teim acid is generally applied, such as a sour taste, 
corrosive action, solubility in water, and the power of reddening 
certain blue vegetable colours. A characteristic property of these 
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acids, or hydrogen salts, is their i>ower of exchanging their li \'dro- 
gen for a metal jjresented to them in the free state, or in tlu^ fonii 
of oxide. Thus, sulphuric acid, which contains sul])hur, (>\ygen, 
and hydrogen, readily dissolves metallic zinc, the metal taking the 
place of the hydrogen, which is evolved as gas, and forming a salt 
containing sulphur, oxygen, and zinc ; in fact, a mic svlphatr, j)ro- 
duced from a hydrogen sulphate by substitution of zinc for hydroj^en. 
The same substitution and foimation of zinc sulphate take place 
when zinc oxide is brought in contact with sul])hiiric achl ; but in 
this case the hydrogen, instead of bein^ evolved as gas, remains com- 
bined with the oxygen derived from tne zinc oxide, forming water. 

A series of oxides containing quantities of oxygen in the proj)or- 
tion of the numbers 1, 2, 3, united with a constant (piaiitity 
of another element, are distinguished as monoxide^ dioxide^ and 
trioxide respectively, the Greek numerals indicating the several 
degrees of oxidation. A compound, intermediate between a 
monoxide and a dio^de is called a sesquioxide^ e.g . : — 

Chromium. Oxy^r^n. 

Chromium monoxide, . . • 52*5 + 16 

Chromium sesquioxide, , . . 52-6 + 24 

Chromium dioxide, . . . . 52-5 + 32 

Chromium trioxide, . . . . 52*5 + 48 

When a metal forms two basic or salifiable oxides, they are dis- 
tinguished by adjectival terms ending in ov^ for the lower, and ic 
for the higher degree of oxidation, e.g . ; — 

Iron. Oxygen. 

Iron monoxide, or Ferrous oxide, . . 56 + 16 

Iron sesquioxide, or Ferric oxide, . . 56 + 24 

The salts resulting from the action of acids on these oxides are 
also distinguished as ferrous and feme salts respectively. 

Acid oxides of the same element, sulphur for example, are also 
distinguished by 'the terminations om and ic, applied as above; 
their acids, or hydrogen salts, receive corresponding names ; and 
the salts formed from these acids are distinguished by names end- 
ing in ite and ate respectively. Thus, for the oxides and salts of 
sulphur : — 

Sulphur. Oxygen. 

Sulphurous oxide, . . . . 32 + 32 

Hydrogen. 

Hydrogen sulphite^ or Sulpbnrom acid, 32 + 48 + 2 

Lead. 

Lead sulphite, » . . . . 32 -f~ 48 -f- 207 

Sulphuric oxide, . . . . 32-4-48 

Hydrogen. 

Hydrogen ^phate, or Sulphuric acid, 32 -4- 64 -f- 2 

Lead. 

Lead sulphate, . . . . 32 -4- 64 -4* 207 
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The acids u])ovc spoken of are oxygen-acids ; and formerly it 
was supposed that all acids contained oxygen — that element being, 
indeed, regarded as tlie acidifying principle : hence its name (p. 
110). At present, however, we are acquainted with many bodies 
which possess all the characters above specified as belonging to an 
acid, and yet do not contain oxygen. For example, hydrochloric 
acid (formerly called iiiuriatic acid, or spirit of salt) — which is a 
hydrogen chloride, or comiiound of hydrogen and chlorine — is 
intensely sour and (ioi rosive ; reddens litmus strongly ; dissolves 
zinc, which driv(is out the hydrogen and takes its jdace in com- 
bination with tlie chlorine, forming zinc chloride ; and dissolves 
most metallic oxides, exchanging its hydrogen for the metal, and 
forming a metallic chloride and water. 

Bromine, iodine, and fluorine, also form, with hydrogen, acid 
comiiounds analogous in eveiy respect to hydrochloric acid. 

Compounds of chlorine, bromine, iodine, fluorine, sulphur, 
selenium, phosphorus, &c., with hydrogen and metals, are grouped, 
like the oxygen compounds, hy names ending in ide: thus we 
speak of zinc chloride, calcium fluoride, hydrogen sulphide, copper 
pnosphide, &c. The numeri^l prefixes, mono, dt, <n, as 
also the termination's ous and icj are implied to these compounds 
in the same manner as to the oxides, thus — 


Hydrogen bromide, 

Hydrogen* 

1 + 

Bromine. 

80 

« 

Potassium. 

Sulphur. 

Potassium monosulphide, 

78-2 

+ 

82 

Potassium disulphide, 

78-2 

+ 

64 

Potassium trisulpliide, 

' 78*2 

+ 

96 

Potassium tetrasulphide, 

Potassium pentasulphide, 

78-2 

•f 

128 

78*2 

+ 

160 

F’errous chloride, .... 

Iron. 

56 


Chlorine. 

71 

Ferric chloride, .... 

56 

+ 

105*5 

5^tannous sulphide, .... 

Tin. 

118 

+ 

Sulphur. 

64 

Stannic sulphide, .... 

118 


128 


The Latin prefixes un% hi^ ter, qtiadro, &c., are often used instead 
of the corresponding Greek prefixes ; there is no very exact rule 
respecting their use ; but, generally speaking, it is best to employ 
a Greek or Latin prefix, according as the word before which it is 
placed is of Greek or Latin origin. Thus, dipxide corresponds to 
oisulphide ; on the whole, however, the Qr^k prefixes are most 
generally employed. 

The composition of these oxides and sulphides affords an illus- 
tration of a law which holds good in a large number of instances of 
chemical combination, viz., that when two bodies, A and B, are capable 
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of uniting m several proportions^ tl^e several mmntities of B which com- 
bine with a given or constant quantity of A stand to one another in 
very simple ratios. Thus, the several quantities of suli)hur which 
unite with a given quantity (78*2 parts) of potassium are to one 
another as the numbers 

1, 2, 3, 4, 5; 

and the ciuantities of oxygen which unite with a given quantity 
of chromium are as the numbers 

1, U, 2, 3, 

or 2, 3, 4, 0. 

It must be especially observed that no compounds are known 
inteimediate in composition between those which are represented 
by these numbers. There is no oxide of chromium containing 
or If or 2f times as much oxygen as the lowest; no sulphide of 
]30tassium the quantity of sulphur in which is expressed by any 
Iractional multiple of the lowest. The quantities of the one ele- 
ment which can unite with a constant quantity of the other, 
increase, not continuously, but by successite and well-defined 
steps or increments, standing to one anotlier, for the most part, in 
simple numerical ratios. 

This is called the ‘‘ Law of Multi])les.^' The observation of 
it has led to the idea that the elementary boclie;^} are comj)osed of 
ultimate or indivisible particles or atoms, each liaving a constant 
weight peculiar to itself (the atomic weights given in the table on 
page 108), and that combination between two elements takes place 
by the juxtaposition of these atoms. A collection of elementary 
atoms united together to form a compound constitutes a in olecu 1 e, 
the weight of which is e(pial to the sum of the weights of its com- 
ponent atoms. Thus an atom of chlorine weighing 35*5 unites 
with an atom of hydrogen weighing 1, to form a molecule of 
hydrogen-chloride weighing 3()*5. An atom of oxygen weighing 
16 unites with 2 atoms of hydrogen, each weighing 1, to fnin a 
molecule of water, weighing 16-1-2.1 = 18. An atom of oxygen, 
weighing 16 unites with an atom of lead, w'eighing 207, to form a 
molecule of lead-oxide, weighing 223. Two atoms of potassium, 
each weighing 39*1, unite with 1, 2, 3, 4, and 5 atoms of sulphur, 
each weighing 32, to form the several sulphides enumetahid on 
page 117. 

These combinations are represented symbolically by the juxta- 
position of the syn^ols of the elementary atoms given in the 
table already referrea to; thus the molecule of hydrogen-chloride, 
composed of 1 atom of liydrogen and 1 catom of chlorine, is 
represented by the symbol or formula HCl ; that of water (2 
atoms of hydrogen and 1 atom of oxygen), by HHO, or more 
shortly H 2 O. In like manner the different oxides and sulphides, 
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acids and salts above enumerated, are represented symbolically 
as follows : — 


Chromium monoxide 
Cliromium sesquioxide 
Chromium dioxide 
Chromium trioxide 
Sulphurous oxide 
Hydrogen sulphite or Sulphujous 
acid . 

Lead sulphite 
Potassium monosulphide 
Potassium bisulphide 
Potassium trisulphide 
Potassium tetrasulphide 
Potassium iDentasulphide 


2^3 


CrO 

CrCrOOO or Cr, O. 
CrOO 
CrOOO 
SCO 


or Cr 
or Cr O 3 
or SO« 


SOOOHHorSOo 
SOOOPb orS03 Pb 


or KgS 


KKS 
KKSS 
KKS^ 
KKSSSS or Ko 


or Ko So 
or K 2 S 3 
S4 


KKSSSSSorKgSg 


A group of two or more atoms of the same element is denoted 
by placing a numeral either before the symbol, or, as in the pre- 
ceding exaiiqdes, a sm«all numeral to the right of the symbol, and 
either above or l^ow the line ; tluis 000 may be abbreviated 
into 30, or O^, orH|. 

The multiplication of a group of dissimilar atoms is denoted by 
placing a numeral to the left of the group of symbols, or by 
enclosing them in brackets, and jdacing a small numeral to the 
right: thus, 3HC1 or (HCd )3 denotes 3 molecules of hydrogen- 
jhlorido ; 2 H 2 SO 4 <lenotes 2 molecules of hydrogen sulphate. 

The combination of two groups or molecules is denoted by 
placing their symbols in juxtaposition, with a dot between them ; 
thus ZnO.SOg denotes a compound of zinc oxide Avith sulphur 
trioxide ; KgO.HgO, a com])oun<l of potassium oxide AA'itli hydrogen 
oxide or Avater. Sometimes a comma jor the sign + is used instead 
\)f 4he dot. To express the multiplication of such a group, .the 
Avholc is enclosed in brackets, and a numeral placed on the left; 
e.f/. 2 (Zn O. SO3) ; 3(K20. H2O), &c. If the brackets Avere omitted, the 
numeral Avtnild alfcct only the symbols to the left of the dot ; thus 
3 KoO.lLjO signifies 3 potassium oxide and 1 AA^ater, not 3 potassium 
oxi(le and 3 Avatei*.*^ 


Equivalents, — It has been already stated that elements can replace 
one another in combination; thus, when hydrogen chloi’ide is 
placed in contact AAuth zinc, the zinc dissolves and enters into 
combination A\dth the chlorine, AAdiile a quantity of hydrogen is 
evol\"ed as gas. Noav this siihstitution of zinc for hydrogen always 
takes })lace in definite proi)ortion by Aveigllt, 32*6 parts of zinc 
being <lissolved for every 1 part of hydrogen ex|>elled. In like 
manner when potassiunr is thoAvn into water, hydrogen is evolved 

• The neglect of this distinction often leads to considerahle confushm in 
clieiiiical notation. 
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and the potassium dissolves, 39*1 parts of the metal dissolving for 
every 1 part of hydrogen given off. Again, if silver he dissolved 
in nitric acid, and metallic mercury immersed in the solution, the 
mercury will be dissolved and will displace the silver, which will 
be separated in the metallic state ; and for every 1(X) parts of mer- 
cury dissolved 108 parts of silver will be thrown down. In like 
manner copper will displace tlie mercury in the proportion of 
31*75 parts of copper to 100 of mercury, and iron will disj)lace the 
copper in the proportion of 28 parts of iron to 31*75 parts of copper. 

These are particular cases of the general law, that, when one 
element takes the place of another in combinatio7i, the substitution or 
replacement always takes place infixed or definite proportions. The 
relative quantities of different elements which thus replace one 
another, are calted chemical equivalents or equivalent 
numbers; they are either identical with the atomic weights, or 
simple multiples, or submultiples of them. For example, in the 
substitution of potassium for hydrogen, and of copper for mercury, 
and of iron for copper, the equivalents are to one another in the 
same propoiiion as the atomic weights, as may be seen by com- 
paring the numbers just given with those in t^table on page 108. 
In the substitution of zinc for hydrogen, on ip other hand, the 
quantity of zinc which takes the place of 1 j)art of hydrogen is 
only half the atomic weight; similarly in the substitution of mer- 
cury for silver. 

All chemical reactions consist either in the direct addition or 
separation of elements, or in substitutions like those just noticed, • 
the latter being by far the most frequent form of cheniical change. 

Chemical Eqii/itions . — Chemical reactions may be represented 
symbolically in the form of equations, the symbols of the reacting 
substances being placed on the left hand, and those of the new sub- 
stances resulting from the change, on the right : for example — 

1. Kesolution of mercuric oxide by heat into mercury and* 
oxygen — 

HgO Hg -f O 

2. Besolution of manganese dioxide by heat into manganoso- 
manganic oxide and oxygen — 

SMnOg — Mn 304 -4- Og 

3. Action of zinc on hydrogen chloride, producing zinc chloride 
and free hydrogen — 

2HC1 + Zn = ZnCla + Hg 

4. Action of zinc on hydrogen sulphate, producing zinc sulphate 
and hydrogen— 


H2SO4 + Zn = ZnSO^ + 
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5. Action of zinc oxide on hydrogen chloride or sulphate, pro- 
ducing zinc chloride or sulphate and water — 

2HC1 + ZnO = ZnClg + H^O, 

and 

H 2 SO 4 + ZnO - ZnSO^ + HgO. 

It need scarcely he observed that the test of coiTectness of such 
an equation is, that the number of atoms of each of the elements 
on one side should be equal to the number of atoms of the same 
element on the other side. 

Any such symbolical e(|uation may be converted into a numeri- 
cal equation, by substituting for each of the chemical symbols its 
numerical value from the table of atomic weights. 

The laws of chemical action and their expression by symbols 
and equations will receive abundant illustration in the special 
descriptions which follow; their general consideration will also be 
more fully developed in a subsec {uent jiart of the work. 

Ozone. — It has long been knowm that dry oxygen, or atmo- 
spheric air, when eixposeci to the action of a series of electric sparks, 
emits a peculiar and somewhat metallic odour. The same odour 
may be imparted to moist oxygen by allowing phosphorus to 
remain for some time in it, and by several other processes, A 
more accurate examination of this odorous air has shown that, in 
^ addition to the smell, it possesses several properties not exhibited 
* by oxygen in its ordinary state. One of its most characteristic 
effects is the liberation of iodine from potassium iodide. This 
odorous principle has been the subject of many researches, in par- 
ticular by Schdnbein, of Basle, who proposed for it the name of 
ozone.* 

An easy method of exhibiting the production of ozone is to 
transmit a cun*ent of oxygen through a tube into which a pair of 
jdatinum wires is sealed, with the points at a little distance apart; 
on connecting one of the wires with the prime conductor of an 
electrical macliine in good action, and the other with the ground, 
the characteristic odour of ozone is immediately developed in the 
issuing gas ; but, notwithstanding the powerful odour thus pro- 
duced, only a small portion of the oxygen undergoes this change. 
' Andrews and Tait have shown that, to obtain the maximum of 
ozone, it is necessary to transmit the discharge silently, between very 
fine points ; if sparks are allowed to pass, a consiaerable portion 
of the ozone is reconverted into ordinary oxygen as fast as it is 
fotmed. Siemens prepares ozone by induction: he forms a sort 
of Leyden jar, by coating the interior of a long tube with tin-foil, 
and passes over this tube a second wider tube coated with tin-foil 
on its outer surface. Between the two tubes a current of pure dry 


* From to emit an odour. 
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oxy^3U is which becomes electrified by induction, on con- 

^ nectin^ the inner and outer coating with the terminal wires of an 
induetioimsoil; by this means it is said that from 10 (o 16 per 
^ the oxygen may be converted into ozone* 

Ozone may also be obtained in several ways, without the aid of 
eleet]dicity ; thus it is formed in small quantity when a stick of 
phosphorus is suspended in a bottle filled with moist air; by the 
slow oxidation of ether, oil of turpentine, and other essential oils ; 
in the electrolytic decomposition of water ; and by the action of 
strong sulphuric acid on potassium permanganate. There has 
been considerable discussion about the nature and composition of 
ozone ; but the most trustworthy experiments seem to show that, 
in whatever way produced, it is merely a modified form ol 
oxygen. 

Ozone is insoluble in water and in solutions of acids or alkalies, 
but is absorbed by a solution of potassium iodide. Air charged 
with it exerts an irritating action on the lungs. Ozone is decom- 
posed by heat, gnulually at 1(K)°, instantly at 290°. It is an ex- 
tremely jx^werful oxidising agent; possesses strong bleaching and 
disinfecting powers ; corrodes cork, caoutchouc, and other organic 
substances ; and mpidly oxidises iron, copper, and even silver when 
moist, as well as dry mercury and iodine. It is remarkable that 
the al)8orption of ozone l)y these and other ajjents is not attended 
with any contraction of volume. The explanation of this fact 
appears to l)e, that oxygen when ozonised diminishes in voluiue 
(in the proportion of 3 to 2, according to Soret), and that when the • 
ozone is decomposed by a metal or other substance, One jjortion of 
it entei*s into combinatio/i, while the remainder, which is set 
free as ordinary oxygen, occupies the same bulk as the ozone 
itself. 

The most delicate test for the presence of ozone in any gas is 
affonied by a strip of paper moistened with a mixture of starch 
and solution of potassium iodide. On exj>osing such ])aper to tlui 
action of ozone, the potiissium ioilide is decomposed, its potassium 
combining with oxygen, while the iodine is liberated, and fonns a 
deep blue compound^ with the starcli. Now, when j>apcr thus 
prepared is exposed to the open air for five or ten minutes, it often 
acquires a blue tint, the intensity of whicli varies on different days. 
Hence it is supposed that ozone is jjresent in the air in varial)Ie 
quanrity. But iodine may be lilierated from potassium iodide by 
many other agents, especially by certain oxides of nitrogen, which 
are veiy likely to be present in tne air in minute quantities : Ihuico 
the existence of ozone in the air cannot be proved by this reaction 
alone. 

Houzeau has, however, shown that a solution of potassium 
iodide exposed to the air in the open ’country becomes alkaline ; 
an effect which cannot be attributed to nitrous acid. Moreover, 
Andrews finds that the constituent of the air which separates 
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iodine from i>otassiuiu iodide is destroyed by the same influences 
as ozone, viz., by a temperature of 237^ or by contact with man- 
ganese dioxide and other peroxides. The presence of ozone in 
the air can therefore no longer be doubted. 


BYBBOOEir. 

Atomic weight, 1; symbol, H. 

Hydrogen may be obtained for experimental purpbi^ by deoxi- 
dising water, ot which it fonns a characteristic competent* 

If a tube of iron or porcelain, containing a quantity of filings or 
turnings of iron, be fixed across a furnace, and its middle portion 
be made red-hot, and then the vapour of water transmitted over 
the heated metal, a large quantity of permanent gas will he dis- 
engaged from the tul^e, and the iron will become converted into 
oxide, and acquire an increase in weight. The gas is hydrogen ; it 
may l>e collected over water and examined. 

Hydrogen is, however, more easily ol^tained by decomposing 
liydrochloric or dilute sulphuric acid with zinc, the metal then 
dkq)lacing the hydrogen in the manner already explained 11(1). 

The simplest method of preparing the gss is the following : — A 
wide-necked bottle is chosen, and fitted wdtti a sound cork, perfo- 
rated by two holes for the rece]>tion of a small tube-funnel reach- 
• ing nearly to the bottom of the bottle, and a piece of bent glass 
tube to convey away the disengaged gas. Granulated zinc, or 
scraps of the malleable metal, are put into the bottle, together 
with a little water, and sulpluiric acid slowly added by the funnel, 
the i^oint of whicli should dip into the liquid. 

The evolution of gas is easily ivgulaled by 
the supply of acid; and when enough has 
l>een discharged to expel the air of the vessel, 
it may be collected over water in a jar, or 
passed into a gas-holder. In the absence of 
zinc, filings of iron or small nails may be 
used, but with less advantage. 

A little ])raclice will soon enable the pupil 
to construct an(l armnge a variety of useful 
forms of apparatus, in which bottles, and 
other articles always at liaiul, are made to 
supersede more costly instruments. Glass 
tube, purcluxsed by weight of the maker, may 
be cut by scratching with a file, and then 
api^lying a little force with lx>th hands. It 
may be softened and bent, when of small dimensions, by the flame 

* Hence the nanie^ from iidmp, water, and yev. 
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of a spirit-lamp, or a candle, or, better, by a gas jet Corks may 
be perforated hy a heated wire, and the hole rendered smooth and 
cylindrical by a round file; or the ingenious cork-borer of Dr 
Mohr, now to be had of all instrument-maTters, may be used 
instead. Lastly, in the event of bad fitting, or unsoundness in the 
cork itself, a little yellow wax melted over the surface, or even a 
little grease applied with the finger, renders it sound and air-tight, 
when not exposed to heat 

Hydrogen is colourless, tasteless, and inodorous when quite 
pure. To obtain it in this condition, it must* be prepared from 
the purest zinc that can be obtained, and jjassed in succession 
through solutions of potash and silver nitrate. When prepared 
from commercial zinc, it has a slight smell, which is due to 
impurity, and when iron has been used, the odour is very strong 
and disagi*eeable. It is inflammable and burns, when kindled, 
with a pale yellowish flame, evolving much heat, but very little 
light. The result of the combustion is water. It is even less 
soluble in water than oxygen, and has never been liquefied. 

Although destitute of poisonous properties, it is incar 
Fiff. 75. pable of sustaining life. 

Hydrogen is the lightest substance known; Dumas 
and Boussingault place its density between 0*0691 and 
0*0695, refeiTed to that of air as unity. The weight of 
a litre of hydrogen at 0® C., and under a barometric 
pressure of 0*760 metre, is 0*08961 gram : conseimently 
a gram of hydrogen occupies a space of 11*15947 litres.* • 
At 15*5° C. (60° F.), and 30 inches barometric pressure, 
100 cubic inches weigh 2*14 grains. 

When a gas is much lighter or much heavier than 
atmosplieric air, it may often be collected and examined 
without the aid of the pneumatic trough. A bottle or 
naiTow jar may be filled with hydrogen without much 
admixture of air, by inverting it over the extremity of 
an upright tube delivering the gas. In a short time, if 
the supply be co})ious, the air will be wholly displaced, 
and the vessel filled. It may now be removed, the vertical 2 )osi- 
tion being carefully retained, and closed by a stojiper or glass 
plate. If the mouth of the jar be wide, it must be partially closed 
by a piece of cardboard during the operation. This method of 
collecting gases by disjdacement is often extremely useful. 

Hydrogen was formerly used for filling air-balloons, being made 
for the purpose on the spot from zinc or iron and dilute sulphuric 
acid. Its use is now superseded by that of coal-gas, which may 
be made very light by employing a high temperature in the manu- 
facture. Although far inferior to pure hydrogen in buoyant 

• As a near approximation, it may be remembered that a litre of 
hydrogen weighs 0*09 gram, or 9 centi^ms, and a gram of hydrogen occu- 
pies 11*2 litres. 
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power, it is found in practice to possess advantages over that sub- 
stance, while its greater density is easily compensated by increas- 
ing the magnitude of the balloon. 

Diffusion of Oases . — There is a veiy remarkable property pos- 
sessed by gases and vapours in geneml, which is seen in a high 
degree of intensity in the case of hydrogen ; this is what is called 
diffusive power. If two bottles ontaining gases which do not 
act chemically upon each other at common temperatures be con- 
nected by a narrow tube and left for some time, the gases will be 
found, at the expiration of a ceitain time, depending much upon 
the narrowness of the tube and its length, unitbrmly mixed, even 
though they differ greatly in density, and the system has l^een 
arranged in a vertical position, with the heavier gas downwards. 
Oxygen and hydrogen can thus be made to mix, in a few hours, 
against the action of gravity, through a tube a yard in length, and 
not more than one quarter of an inch in diameter : and the fact 
is true of all other gases which are destitute of direct action upon 
each other. 

If a vessel be divided into two portions by a diaphragm or par- 
tition of porous earthenware or dry plaster of Paris, anti eacli half 
filled with a different gas, diffusion will immediately commence 
through the pores of the dividing substance, and will continue 
until perfect inixtui*e has taken place. All gases, however, do not 
permeate tlie same porous body, or, in other words, do not pass 
through narrow orifices, with the same degree of facility. Professor 
‘ Graham, to whom we are indebted for a very valuable investiga- 
tion of this interesting subject, has established the existence of a 
very simple relation between the rapidity of diffusion and the 
density of the gas, which is expressed oy saying that the diffusive 
power varies inversely as the square root of the density of the gas 
itself. Thus, in the experiment supposed, if one half of the vessel 
be filled with hydrogen and the other half witli oxygen, the two 
gases will penetrate the diaphragm at very different rates ; four 
cubic inches of hydrogen will ira&s into the oxygen side, while one 
cubic inch of oxygen travels in the oiiposite direction. The densi- 
ties of the two g^ases are to each other in the jjroportion of 1 to 16 ; 
their relative rates of diffusion are inversely as tne square roots of 
these numbers, i.e., as 4 to 1. 

In order, however, that this law may be accurately observed, it 
is necessary that the porous plate be very thin ; with plates of 
stucco an inch thick or more, which really consist of a congeries of 
long capillary tubes, a different law of diffusion is observed.* An 
excellent material for diffusion experiments is the artificially com- 
pressed graphite of Mr. Brockedon, of the quality used for making 
writing pencils. It may be reduced by cutting and grinding to 

* See Bunsen's Gasoinetry, p. 203; Graham's Elements of Chemistry, 
2d ed, ii. 624 ; Watts’ Dictionary of Chemistry, ii. 815, 



126 


HYDROGEN. 


the thickness of a wafer, but still retains considerable tenacity. 
The pores of this substance appear to be so small as entirely to 

f )revent the transmission of gases in mass, so that, to use the 
anguage of Mr. Graham, it acts like a molecular sieve, allowing 
only molecules to pass through. 

The simplest and most striking method of exhibiting the pheno- 
menon of diflfusion is by the use of Graham’s diffusion-tube. This 
is merely a piece of wide glass tube ten or twelve inches long, 
having one of its extremities closed by a plate of plaster of Paris 
about half an inch thick, and well dried. When the tube is filled 
by displacement with hydrogen, and then set up- 
Fig. 76. right in a glass of w^ater, the level of the liquid 
rises in the tube so rapidly, that its movement is 
apparent to the eye, and speedily attains a height 
of several inches above the water in the glass. The 
gas is actually rarefied l)y its superior diffusive 
power over that of the external air. 

It is impossible to over-estimate the importance 
in the economy of Nature of this very curious law 
affecting the constitution of gaseous bodies : it is 
the principal means by which the atmosphere is 
preserved in a uniform state, and the accumulation 
of poisonous gases and exhalations in towns and 
other confined localities prevented. 

A partial separation of gases and vapours of 
uneijual diffusibility may be effected by allowing 
the mixture to permeate through a plate of graphite 
or ])orous earthenware into a vacuum. This effect, 
called atmol ysis, is best exhibited by means of an instrument 
called the tuhe-atmolyser. This is simply a narrow tube of 
iiiiglazed earthenware, such as a tobacco-pipe stem, two feet long, 
which is placed within a shorter tube of glass, and secured in its 
position by corks. The glass tube is connected with an air-pump, 
and the annular space between the two tubes is made as nearly 
vacuous as possible. Air or other mixed gas is then allowed to 
flow along the clay tube in a slow stream, and collected as it 
issues. The gas or air atmolysed is, of course, reduced in volume, 
much gas penetrating through the pores of the clay tube into the 
air-pump vacuum, and the lighter gas diffusing the more rapidly, 
so that the proportion of the denser constituent is increased in the 
gas collected. In one experiment, the proportion of oxygen in 
the air, after traversing the atmolyser, was increased from 20*8 
per cent, which is the noimal proportion, to 24*5 per cent. With 
a mixture of oxygen and hydrogen, the separation is, of course, 
still more considerable. 

A distinction must be carefully drawn between real diffusion 
through small apertures, and the apparently similar passage of 
gases through membranous diaphragms, such as caoutchouc, 
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Lladder, gold-beaters^ skin, &c. In this iiiocle of passage, which is 
culled osmose, the rate of interchange depends partly on the 
relative dilfusibilities of the gases, partly on the different degrees 
of adhesion exerted by the membrane on the different gases, by 
virtue of which the gas which adheres most powerfully penetrates 
the diaphragm mf)st easily, and, attaining the opposite surface, 
jnixes with the other. A sheet of caoutchouc tied over the mouth 
of a wide-mouthed bottle filled wi’ i hydrogen, is soon pressed 
inwanls, even to bursting. If the bottle be filled with air, and 
placed in an atmosphere of hydrogen, tlui swelling and bursting 
takes place outwards. If the membrane is moist, the result is 
likewise affected by the different solubilities of the gases in the 
water or other lifiuid which wets it. For example, the diffusive 
power of carbonic acid into atmosplieric air is very small, but it 
passes int(j the latter through a wet bladder with the utmost ease, 
111 virtue of its solubility in the water with which the membrane is 
moistened. It is by such a process that the function of respiration 
is performed ; the aeration of the Idood in the lungs, and the dis- 
engagement of the carbonic acid, are affected through wet mem- 
branes; the blood is never brought into actual contact with the 
air, but receives its supply of oxygen, and disembarrasses itself of 
carbonic acid, by this kind of sjnirioiis diffusion. 

The higli diffusive power of liydrogen against air renders it 
ijn])ossil)le to retain that gas for any length of time in a bladder 
or caoutchouc bag ; it is even unsafe to keep it long in a gas-holder, 
*lest it should become mixed with air by slight accidental leakage, 
and rendered explosive. 

The passage of gases through menibraiies like caoutchouc^ or 
varnished silk, as well as through wet membranes like blatlder, 
appears to depend upon an actual li([uefaction of the gases, which 
then become ca])able of penetrating the substance of the membrane 
(as ether and naphtha do), and may again evaporate on the surface 
and appear as gases. The unequal absorption of gases in this 
manner often effects a much more complete separation of the com- 
))onents of a gaseous mixture than can be attained by the atmoly tic 
method above described. Thus, Graham has shown that oxygen 
is absorl)ed and cond(inse<l by caoutchouc two-and-a-half times 
more abundantly than nit rogen, and that when one side of a ciiout- 
chouc film is freely exposed to the air, ^vhile a vacuum is jiroduced 
on the other side, the film allows 41*6 per cent, of oxygen to ])ass 
through, instead of the 21 ]>er cent, usually present in tlie air, so 
that the air which passes through is capable of rekindling wood 
burning without flame. 

Even metals apjiear to possess this power of absorbing and 
liquefying gases. Deville and Troost have observed the remark- 
able fact tliat hydrogen gas is c^ipahle of penetrating platinum and 
iron lubes, at a red heat, and Graham is of opinion that this effect 
may he connected with a power resident in these and certain other 
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metals to absorl) and liquefy liydrosen, possibly in its character m 
a metallic vapour. Platinum in tne form of wire or plate, at a 
low red heat, can take up 3*8 volumes of hydrogen measured cold^ 
and palladium foil condenses as much as 643 times its volume of 
hyd^gen at a temperature below 100° C., In the form of sponge, 

S latinum absorbed 1*48 times its volume of hydrogen, and palla- 
ium 90 volumes. This absorption of gases by metals is cj^lled 
occlusion.* 

The meteoric iron of Lenarto contains a considerable quantity 
of occluded hydrogen. When placed in a good vacuum, it yields 
2 ’85 times its volume of gas, of which 85*68 per cent, consist of 
hydrogen, with 4*46 carbon monoxide and 9*86 nitrogen. Now, 
hydrogen has been recognised by spectrum analysis in the light 
of the fixed stars, and constitutes, according to the observations 
of Father Secchi, the principle element in the atmosphere 
of a numerous class of stars. ‘‘ The iron of Lenarto,” says Mr 
Graham, “has, no doubt, come from such an atmosphere, in which 
hydrogen greatly prevailed. This meteorite may Ixi looke<l upon 
as holding imprisoned within it, and bringing to us the hj^drogen 
of the stars. 

The rates of effusion of gases, that is to say, their rates of 
passage through a minute aperture in a thin plate of metal or 
other substance into a vacuum, follow the same law as their rates 
of diflusion, that is to say, they are inversely as the square roots 
of the densities of the gases. Nevertheless, the phenomena of 
diffusion and effusion are essentially different in their nature, the 
effusive movement affecting masses of a gas, whereas the diffusive 
movement affects only molecules; and a gas is usually carried 
by the former kind of impulse with a velocity many thousand 
times greater than by the latter. Mixed gases are effused at 
the same rates as one gas of the actual density of the mixture ; and 
no separation of the gases occurs, as in diffusion into a vacuum. 

The law of effusion just stated is true only under the condition 
that the gas shall pass through a minute aperture in a very thin 
plate. If the plate be* thicker, so that the apertum becomes a tube, 
very different rates of efflux are observed ; and when the capillary 
tube becomes considerably elongated, so that its length exceeds its 
diameter at least 400 times, the rates of flow of different gases into 
a vacuum again assume a constant ratio to each other, following, 
however, a law, totally distinct from that of effusion. The prin- 
cipal general results observed with relation to this phenomenon of 
“Capillary Transpiration” are as follows : — 

1. The rate of transpiration of the same gas increases, cceteris 
parihusy directly as the pressure ; in other words, equal volumes 

♦Graham, Phil. Trans. 1866; Journal ofthe Chemical Society [2], v. 236. 
t Proceedings ofthe Eoyal Society, xv. 502, 
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of gas at different densities require times inversely proportional to 
their densities. 2, With tubes of equal diameter, the volume trans- 
pired in equal times is inversely as the length of the tube. 3. As 
the temperatilre rises, the transpiration of equhl volumes becomes 
slower. 4. The rates of transpimtion of different gases bear a 
constant relation to each other, totally independent of their 
den Aies, or, indeed, of any known property of the gases. Equal 
weights of oxygen, nitrogen, anO caroon^ monoxide are transpired 
in equal times ; so likewise are equal weights of nitrogep, nitrogen 
dioxide, and carbon monoxide ; and of hydrogen chloride, carbon 
^oxide, and nitrogen monoxide.* 

COMBINATION OF fEYDROGEN WITH OXYGEN. 

It has been already stated that, although the light emitted by 
the flame of pure hydrogen is exceedingly feeble, yet the tempera- 
tuie of the flame is very high. The temperature may be still 
further exalted by previously mixing the hydrogen with as much 
oxygen as it requires for combination, that is, as will presently be 
seen, with half its volume. Such a mixture burns like gunpowder, 
independently of the external aii*. When raised to the temperature 
required for combination, the two gases unite with explosive 
violence. If a strong bottle, holding not more than half a pint, be 
filled with such a mixture, the introduction of a lighted match or 
red-hot wire determines in a moment the union of the gases. By 
certain precautions, a mixture of oxygen and hydrogen can be 
burned at a jet without communication of fire to the contents of 
the vessel ; the flame is in this case solid. 

A little consideration will show, that all ordinary flames burning 
in the air or in pure oxygen are, of necessity, hollow. The act of 
combustion is nothing more than the energetic union of the sub- 
stance burned with the surroimding oxygen ; and this union can 
take place only at the surface of the burning body. Such is 
not the case, however, with the flame now under consideration ; 
the combustible and the oxygen are already mixed, and only require 
to have their temperature a little raised to cause them to combine 
in every part. The flame so produced is very different in physical 
characters from that of a simple jet of hydrogen or any other coni- 
biistible gas; it is long and pointed, and very remarkable in 
appearance. 

The safety-jet of Mr. Hemming, the construction of which involves 
a principal not yet discussed, may be adapted to a common bladder 
containing the mixture, and held under the arm, and the gas forced 
through the jet by a little pressure. Although this jet, properly 
constructed, is beUeved to be safe, it is best to use nothing stronger 

♦Graham, Phil. Trans, 1846, p. 691; and 1849, p. 349; also Elements 
of Chemistry, 2d ed.»i. 82. 
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than a bladder, for fear of injury in the event of an explosion. 
The gases are often contained in separate reservoirs, a pair of large 
gas-holders, for exai^ple, and only suffered to mix in the let itself, 
as in the contriva"nce of Professor Daniell ; in this way all danger 
is avoided. The eye speedily becomes accustomed to the peculiar 
appearance of the true hydro-oxygen flame, so as to permit the 
supply of each gas to be exactly regulated by suitable stop-|pcks 
attached to the jet (fig. 77). 

A piece of thick platinum wire introduced into the flame of the 
hydro-oxygen blowpipe melts with the greatest ease ; a watch-spring 
or small steel file bums with the utmost brilliancy, throwing off 
showers of beautiful sparks ; an incombustible oxidised body, as 
magnesia or lime, becomes so intensely ignited as to glow with a 
light insupportable to the eye, and toJbe susce})tible of employment 
as a most powerful illuminator, as a substitute for the sun^s rays 
in the solar microscope, and for night signals in trigonometrical 
surveys. 

If a long glass tube, open at both ends, be held over a jet of 
hydrogen (fig. 78), a series of musical sounds is sometimes pro- 


Fig. 77. Fig. 78. 
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duced by the partial extinction and rekindling of the flame Ijy the 
ascending current of air. These little explosions succeed each 
other at regular intervals, and so rapidly as to give rise to a musical 
note, the pitch depending chiefly upon the length and diameter of 
the tube. 

Although oxygen and hydrogen may be kept mixed at common 
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temperatures for any length of time without combination tATcing 
place, yet, under p^icular circumstances, they unitfe quietly and 
without explosion. ’ Many years ago, Professor Dobereiner of Jena, 
made the curious observation, that finely divide .platinum pos- 
sessed the power of determining the union of the cases ; and, more 
recently, Mr. Faraday has shown that the state of minute division 
is by no means indispensable, since rolled plates of the metal have 
the same property, provided theii surfaces are absolutely clean. 
Neither is the effect strictly confined to platinum ; other„metals, 
as palladium and gold, and even stones and glass, exhibit the same 
property, although to a far inferior degree, since they often require 
to be aided by a little heat. When a piece of platinum-foil, vmich 
has been cleaned by hot oil of vitriol and thorough washing with 
distilled water, is tnrust into a jar containing a mixture of oxygen 
and hydrogen standing over water, combination of the two gases 
immediately begins, and the level of the water rapidly rises, whilst 
the platinum becomes so hot that drops of water accidentally 
upon it enter into ebullition. If the metal be very thin and 
exceedingly clean, and the gases very pure, its temperature rises 
after a time to actual redness, and the residue oi the mixture 
explodes. But this is an effect altogether accidental, and dependent 
upon the high temperature of the platinmn, which high temper- 
ature has been produced by the preceding quiet Combination of 
the two bodies. When the platinmn is reduced to a state of 
imnute division, and its surface thereby much extended, it becomes 
immediately red-hot in a mixture of hydrogen and oxygen, or 
hydrogen and air; a jet of hydrogen thrown upon a little of the 
spongy metal, contained in a glass or capsule, is at once Ifi nilleil , 
and on this principle machines for the production of instantaneous 
light have been constructed. These, however, act well only when 
constantly used ; the spongy platinum is apt to become damp by 
absorption of moisture from the air, and its power is then for the 
time lost. 

The best explanation that can be given of these curious effects 
is to suppose that solid bodies in general have, to a greater or less 
extent, the property of condensing gases upon their surfaces, or 
even liquefying them (as shown p. J 27), and that this faculty is 
exhibited pre-eminently by certain of the non-oxidisable metals, 
as platinum and gold. Oxygen and hydrogen may thus, under 
these cimumstances, be brought, as it were, within the sphere of 
their mutu^ attractions by a temporary increase of density, where- 
upon combination ensues. 

Coal-gas and ether or alcohol vapour may be made to exhibit 
the phenomenon of quiet oxidation under the influence of this 
remarkable^ surfaee-action. A close spiral of slender platinum wire, 
a roll of thin foil, or even a common platinum crucible, heated to 
dull redness, and then held in a jet of coal-gas, becomes strongly 
ignited, and remains in that state as long as the supply of mixed 
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MS air is kept up, the temperature being maintained by the 
heat disengaged m the act of union. Sometimes the metal becomes 
white-hot, and then the gas takes fire. 

A veiy pleasing experiment may be made 
by attaching such a coil of wire to a cord, and 
suspending it in a glass containing a few drops 
of ether, having previously made it^ed-hot 
in the flame of a spirit-lamp. The wire con- 
tinues to glow until the oxygen of the air is 
exhausted, giving rise to the production of an 
irritating vapour which attacks the eyes. 
The combustion of the ether is in this case but 
partial; a portion of its hydrogen is alone 
removed, and the whole of the carbon left 
untouched. 

A coil of thin platinum wire may be placed 
over the wick of a spirit-lamp, or a ball of 
spongy platinum sustained just above the cotton ; on lighting the 
lamp, and then blowing it out as soon as the metal appears red- 
hot, slow combustion of the spirit drawn up by the capillarity of 
the wick will take place, accompanied by the pungent vapours 
Just mentioned^ wiion may be momfied, and even rendered agree- 
able, by dissolving in the liquid some sweet-smelling essential oil 
or resin. 

Hydrogen forms numerous compounds with other bodies^ 
although it is greatly surpassed in this respect, not only by oxy- 
gen, but by many oi the other elements. In many of its chemical 
relations it resembles the metals, combining with oxygen, sulphur, 
chlorine, bromine, &c., to form compounds analogous in constitu- 
tion to the metallic oxides, sulphides, chlorides, bromides, &c. (p, 
116.) 

Oxides of Hydrogen. — There are two oxides of hydrogen — 
namely, water ^ and a very peculiar substance, discovered in the 
year 1818 by Th4nard, called hydrogen dioxide. • 

It appears that the composition of water was first demonstrated 
in the year 1781 by Cavendish;* but the discovery of the exact 
proportions in which oxygen and hydrogen unite in generating 
that most important compound has, from time to time to the pre- 
sent day, occupied the attention of some of the most distingui^ed 
cultivators of chemical science. There are twg distinct methods \ 
of research in chemistry — ^the analytical, or that in which the ^ 

* A claim to the discovery of the composition of water, on behalf of 
James Watt, has been very strongly urged, and supported by such evidence 
that the reader of the controversy may be led to the conclusion that the 
discovery was made by both parties, nearly simultaneously, and unknown 
to each other. See the article Gas,^' by Dr. Paul, in Watts's " Dictionary 
of Chemistry,” ii. 780. 


Fig. 79. 
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compound is resolved into its elements, and the »yn1haical^ in/ 
wM^ the elements are made to unite and produce the compound. I 
The first method is of much more general application tlikn the 
second; but in this particular instance both may be employed, 
although the results of the synthesis are the more valuable. 

The decomposition of water may be effected by voltaic electricity. 
When water is acidulated so as to render it a 
conductoij* and a portion interposed between a Fig. so. 

pair of platinum mates connected with the ex- H A 
tremities of a vmtaic apparatus of moderate J 

power de(5< niiposition of the liquid takes place 1 

in a V ry ' leresting manner ; oxygen, in a state i % 

of pe' f ot purity, is evolved from the water in 1 ^ 3 

contact with the plate belonging to the copper ^ 
end of the battery, and hydrogen, equally pure, 
is disengaged at the plate connected with the |^B|H 

zinc extremity, the middle portions of liquid V 
remaining ajjparently unaltered. By placing 
small grfiSuated jars over the platinum plates, * 
the gases can be collected, and their quantities ^ 
iletermined. The whole arrangement is shown W 
in fig. 80; the conducting wires pass through 
the bottom of the glass cup, and away to the battery. 

When this experiment has been continued a sufficient time, it 
will be found that the volume of the hydrogen is a very little 
•above twice that of the oxygen. Were it not for the accidental 
circumstance of oxygen being sensibly more soluble in 'water than 
hydrogen, the proportion of two to one by measure would come 
out exactly. 

Water, as Mr. Grove has shown, is likewise decomposed into its 
constituents by heat. This effect is produced by introducing 
platinum balls, ignited by electricity or other means, into water or 
steam. The two gases are obtained in very small quantities at a 
time. 

When oxygen and hydrogen, both as pure as possible, are mixed 
in the proportions mentioned, passed into a strong glass tube 
standing over mercury, and exploded by the electric spark, all the 
mixture disappears, and the mercury is forced up into the tube, 
filling it completely. The same experiment may be made with 
the explosion-vessel or eudiometer of Cavendish (fig. 81). The 
instrument is exhausted at the air-pump, and then filled from a 
capped jar with the mixed gases ; on passing an electric spark by 
the wires shown at a, explosion ensues, and the glass becomes 
bedewed with moisture; and if the stop-cock be then oj)ened 
under water, the latter will rush in and fill the vessel, leaving 
merely a bubble of air, the result of imperfect exhaustion. 

The process upon which most reliance is placed is that in which 
• See the section on Electro-Chemical Decomposition.^ 
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ptire copper oride is reduced at a red-heat hydrin, and the 
water so formed is collected and weighed. This oxide sufTers no 
change by heat alone, but the momentary contact of 
ng. 81 . hydrogen, or any common combustible matter, at a 
liigh temperature, suffices to reduce a corresponding 
* 7?”^ portion to the metallic state. Fig. 82 will serve to 
convey some idea of the arrangement adopted in 
yXTV researches of this kind. 

/ \ A copious supply of hydrogen is procured by the 

f j action of dilute sulphuiic acid upon the purest zinc 

\ J that can he obtained ; the gas is made to pass in 

\ j succession through solutions of silver and strong 
\ / caustic potash, by which its purification is completed. 

\ I After this it is conducted through a tube thi^ee or 

inches long, filled with fragments of pumice- 
stone steeped in concentrated ou of vitriol, or with 
^ anhydrous phosphoric acid. These substances have 

so great an attraction for aqueous vapour, that they 
dry the gas completely during its transit. The 
^ extremity of this tube is shown at a. The dry 
hydrogen thus arrives at the part of the apparatus 
^ containing the cojiper oxide represented at h; this 

consists of a two-necked flask of veiy hard white 
glass, maintained at a red-heat by a spirit-lamp 
jSjll placed beneath. As the decomposition proceeds, the 
water produced by the reduction of the oxide begins 
( \ \ condense in the second neck of the flask, whence 

I it drops into the receiver c, provided Jbr the purpose. 

' A second desiccating tube prevents the loss of acf^ue- 
" ' ous vapour liy the current of gas which passes in 

excess. 

ll Before the experiment can be commenced, the 

copper oxide, the purity of which is well ascertained, 
must be heated to redness for some time in a current 

of dry air ; it is then suffered to cool, and very care- 

fully weighed with the flask. The empty receiver 
and second drying-tube are also weighed, the disen- 
gagement of gas set up, and when the air has been displaced, heat 
is slowly applied to the oxide. The action is at first very energetic; 
the oxide often exhibits the appearance of ignition; but as the 
decomposition proceeds, it becomes more sluggish, and requires 
the application of a considerable heat to effect its completion. 

When the process is at an end, and the apparatus perfectly cool, 
the stream of gas is discontinued, dry air is drawn through the 
whole arrangement, and, lastly, the parts are disconnected and re- 
weighed. The loss of the copper oxide gives the oxygen; the 
gain of the receiver and its drying-tube indicates the water ; and 
the difference between the two, the hydrogen. 
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A set of experiments, made in Paris in the year 1820, hy Dnlong 
and Berzelius, gave as a mean result, for the composition of water 



More recently the subject has been reinvestigated by Dumas, 
with the most scrupulous precision, and the above supposition 
fully uunlinned. The composition of water may therefore be con- 
sidered as established ; it; contains by weight 8 parts oxygen to 1 
part hydrogen, and by measure, 1 volume oxygen to 2 volumes 
hydrogen. The densities of the gases, as already mentioned, 
correspond very closely with these results. 

The physical properties of water are too well known to need 
lengthened description: it is, when pure, colourless and trans- 
parent, destitute of taste and odour, and an exceedingly bad con- 
ductor of electricity of low tension. It attains its greatest density 
towards 4-5° C. (40° F.), freezes at 0° C. (32° F.),* and boils under 
the ordinary atmosiiheric pressure at or near 100° C. (212° F.). 
It evaporates at all temperatures. 

The weight of a cubic centimeter of water at the maximum den- 
sity is chosen as the unit of weight of the metrical system, and 
called a gram ; consequently a litre or cubic decimeter = 100 
cubic centimeters of water, at the same temperature, weighs 1000 
grams, or 1 kilogram. 

A cubic inch of water at 62° F, w^eighs 252’45 grains ; a cubic 
foot weighs nearly 1000 ounces avoirdupois ; and an imperial gal- 
lon weighs 70,000 grains, or 10 lbs. avoirdupois. 

Water is 825 times heavier than air. To all ordinary obsen^a- 
tion, it is incompressible ; very accurate experiments have never- 
theless shown that it does yield to a small extent when the power 
employed is very great, the diminution of volume for each atmo- 
sphere of pressure being about 51 -millionths of the whole. 

Clear water, although colourless in small bulk, is blue like the 
atmosphere when viewed in mass. This is seen in the deep ultra- 
marine tint of the ocean, and perhaps in a still more beautiful 
manner in the lakes of Switzerland and other Alpine countries, 
and in the rivers which issue from them, the slightest admixture 

♦ According to Dufour, the specific gravity of ice is 0*9176; water, 
therefore, on freezing, expands by iith of its volume. 
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of mud or suspended impurity destroying tlie effect The same 
uu^i^ceut colour is visiole in the fissures and caverns found in 
the ice of the glaciers, which is usually extremely pure and 
transparent within, although foul upon the surfaca -if ^ 

The specific gravity of steam or vapour of water is found by 
experiment to be 0‘625, compared with air at the same tempera- 
ture and pressure, or 9 as compared with hydrogen. Now, it has 
been alreMy shown that water is composed of two volmnes of 
hydrogen and one volimie of oxygen ; and if the weight of one 
volume of hydrogen be taken as unity, that of two volumes hydro- 
gen (*s 2) and one volume oxygen (= 16) will together make 18, 
which is the weight of two volumes of water-vapour. Conse- 
quently water in the state of vapour consists of two volumes of hydro- 
gen ana one volume of oxygen condensed^ into two volumes. A method 
of demonatTating this important fact by direct exjjeriment has been 
devised by Dr Hofmann. It consists in exploding a mixture of 
two volumes hydrogen and one volume oxygen, by the ele'’tric 
spark, in a eudiometer tube enclosed in an atmosphere of the 
vapour of a liquid (amylic alcohol) which boils at a temperature 
considerably above that of boiling water, so that the water pro- 
duced by the combination of the gases remains in the state of 
vapour instead of at once condensing to the liquid form. It is 
then seen that the three volumes of mixed gas are reduced after 
the explosion to two volumes.* 

Water seldom or never occurs in nature in a state of perfect 
purity : even the rain which falls in the open country contains a 
trace of ammoniacal salt, while rivers and springs are invariably 
contaminated to a greater or less extent with soluble matters, saline 
and organic. Simple filtration through a porous stone or a bed of 
sand will separate suspended impurities, but distillation alone will 
free the liquid from those which are dissolved. In the prepara- 
tion of distilled water, which is an article of large consumption in 
the scientific laboratory, it is proper to reject the first portions 
which pass over, and to avoid carrying the distillation to dryness. 
The process may be conducted in a metal still furnished with a 
worm or condenser of silver or tin ; lead must not be used. 

The ocean is the great recipient of the saline matter carried 
down by the rivers wmch drain the land : hence the vast accumu- 
lation of salts. The following table will serve to convey an idea 
of the ordinary composition of sea-water ; the analysis is by Dr 
Sehweitzer,t of Brighton, the water being that of the British 
Channel:— 

* For a description of the apparatus, see Hofmann’s “ Modem Chemis- 
try" (1865), p. 61. 

+ Philosophical Magazine, July, 1889. 
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1000 ^ins contained — 

Water, 

Sodinm chloride, .... 
Potassium chloride, 

Magnesium chloride, 

Magnesium bromide, 

Magnesium sulphate. 

Calcium sulphate, 

Calcium cJirbonate, 

Traces of Iodine and Ammoniacal salt, 


964-746 

27-069 

0-766 

3-666 

0- 029 
2-296 

1- 406 
0-033 


1000-000 

Its specific gravity was found to be 1-0274 at 15-5° C. (60® F.). 

. Sea water is liable to variations of density and composition by 
the in Juoiice of local causes, such as the proximity of large rivers, 
or masses of melting ice, and other circumstances. 

Natural springs are often impregnated to a great extent with 
soluble susbtances derived from the rocks they traverse ; such are 
the various mineral waters scattered over the whole earth, and to 
which medicinal virtues are attributed. Some of these hold 
ferrous oxide in solution, and are effervescent from carbonic acid 
gas ; others are alkaline, probably from traversing rocks of vol- 
canic origin ; some contain a very notable quantity of iodine or 
bromine. Their temperatures, also, are as variable as their chemical 
Mature. 

Water enters into direct combination with other bodies, forming 
a class of compounds called hydrates; the action is often very 
energetic, much heat being evolved, as in the case of the slaking 
of hme, which is really the production of a hydrate of that base. 
Sometimes the attraction between the water and the second body 
is so great that the compound is not decomposable by any heat 
that can be applied; the hydrates of potash and soda, and of 
phosphoric oxide, furnish examples. Oil of vitriol is a hy- 
drate of sulphuric oxide, from which the water cannot be thus 
separated. 

Water very frequently combines with saline substances in a less 
intimate manner than that above described, constituting what is 
called water of crystallisatio7i, from its connection with the geomet- 
rical figure of the salt. In this case it is easily driven off by the 
application of heat. 

Lastly, 1;he solvent properties of water far exceed those of any 
other liquid known. Among salts a very large proportion are 
soluble to a greater or less extent, the solubility usually increasing 
with the temperature, so that a hot saturate solution deposits 
crystals on cooling. There are a few exceptions to this law, one 
of the niost remarkable of which is common salt, the solubility of 
which is nearly the same at all temperatures : the hydrate and 
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certain organic salts of calcium, also, dissolve more fi’eely in cold 
than in hot water. 

Fig. 83 exhibits the unequal solubility of different salts in 
water of different temperatures. The lima of solvhility cut the 
verticals raised from points indicating the temperatures, upon the 
lower horizontal line, at heights proportioned to the quantities 
of salt dissolved by 100 mrts of water. The diagram shows, for 
example, that 100 parts of water dissolve, of potassium sulphate 8 
pts. at 0° C., 17 pts. at 50°, and 26 pts. at 100°. There are salts 
which, like sodium chloride, possess, as already mentioned, very 
nearly the same degree of solubility in water at all temperatures ; 
in others, like potassium sulphate or potassiwu chloride, the solu- 


Solvbility of Salta in 100 parta of Water. 

Fig. 83. 
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bility increases directly with the increment of temperature; in 
others, again, like potassium nitrate or potassiiim chlorate, the 
solubility augments much more rapidly than the temperature. 
The differences in the deportment of these different salts are 
shown very conspicuously, by a straight horizontal line, by a 
straight inclined line, and lastly by curves, the convexity of which 
is turned towards the lower horizontal line. 

The solubility of a salt is usually represented by the quantity 
of anhydrous salt dissolved by 100 parts of water. It is obvious, 
however, that salts containing water of hydration or water «)f 
crystallisation cannot, within certain limits of temperature, dis- 
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solve in water in the anhydrous state, but must be dissolved 
as hydrates. The solubility of a hydrated salt freauentlv differs 
very considerably from that of the same salt in the anhydrous 
state. Again, many salts form more than one hydrate ; and these 
several hydrates may also differ in their solubility. Sodium 
sulphate forms a peculiar hydrate, consisting, in 100 parts, of 
53 parts of anhydrous salt and 47 parts of water, which is 
obtained in crystals, when a soluti* n of sodium sulphate satu- 
rated at 100° C., is cooled out of contact with the air: this 
hydrate is much more soluble than Glauber^s salt, the other 
hydrate of sodium sulphate, which differs from the former one 
in its crystalline form, and consists, in 100 parts, of 44‘2 parts of 
anhydrous salt and 55 ’8 parts of water. When a solution of sodium 
sulphate is saturated at the boiling point of water, and cooled to 
the common temperature without depositing any crystals, the salt 
exists in the form of the more soluble hydrate. This salt, when 
coming in contact with the dust of the air, or with a small ciystal 
of common Glauber's salt, is suddenly transformed into the less 
soluble hydrate, part of which separates from the solution, in the 
form of Glauber's salt. From 0° to 33° C. f32° to 91° F.) sodium 
sulphate dissolves as Glauber's salt, the sojubility of which in- 
creases with the temperature : hence the rapid rise of the curve 
representing the solubility of the salt. Above 33° C. (91° F.) the 
hydrate of sodium sulphate is decomposed, even in solution, being 
more and more thoroughly converted into the anhydrous salt as 
the temperature increases. Sodium sulphate appears, however, 
far less soluble in the anhydrous state, and hence the diminution 
of solubility of the salt when its solution is heated above 33° C. 
(91° F.) 

Liquid Diffusion, Dialysis , — When a solution having a sp. gr. 
greater than water is introduced into a cylindrical glass vessel, 
and then water very cautiously poured upon it, in such a man- 
ner that the two layers of liquid remain unmoved, the substance 
dissolved in the lower liquid will gradually pass into the super- 
natant water, though the vessel may have been left undis- 
turbed, and the temperature remain unchanged. This gradual 
passage of a dissolved substance from its original solution into 
pure water, taking place notwithstanding the higher specific 
gravity of the substance which opposes this passage, is called the 
diffusion of liquids. The phenomena of this diffusion have been 
elaborately investigated by Graham, who has arrived at very im- 
portant results. Different substances, when in solution of the 
same concentration, and under other similar circumstances, diffuse 
with very unequal velocity. Hydrochloric acid, for instance, 
diffuses with greater rapidity than potassium chloride, potassiiun 
chloride more mpidly than sodium chloride, and the latter, again, 
more quickly than magnesium sulphate; gelatin, albumin, and 
caramel diffuse very slowly. Diffusion is generally found to taka 
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place more rapidly at high than at low temperatures. Diffusion 
IS more particularly rapid with ciystallised substances, though not 
exclusively, for hydrochloric acid and alcohol are among the 
highly diffusive bodies. Diffusion is slow with non-crystalline 
bodies, which, like gelatin, are capable of forming a jelly, 
though even here exceptions are met with. Graham calls the sub- 
stances of gi'eat diftusibility crystalloids^ the substances of low 
diffusibility colloids. The unequal power of diffusion with which 
different substances are endowed frequently furnishes the means 
of separating them. When water is poured with caution, so as 
to prevent mixing, upon a solution containing equal quantities of 
pobassium chloride and sodium chloride, the more diffusible potas- 
sium chloride travels more rapidly upwards than the less diffusible 
sodium chloride, and very considerable portions of potassium 
chloride will have reached the upper layers of the water before 
the ^sodium chloride has arrived there in appreciable quantity. 
The separation of rapidly diffusible crystalloids and slowly dif- 
fusible colloids succeeds still better. 

A more perfect separation of crystalloids and colloids may 
be accomplished in the following manner: — Graham made the 
important observation, that certain membranes, and also parch- 
ment paper, when in contact, on the one surface, with a solu- 
tion containing a mixture of crystalloidal and colloidal substances, 
and, on the other surface, with pure water, will permit th^assage 
to the water of the crystalloids, but not of the colloids. To carry 


Fig. 84, Fig. 86. 



out this important mode of separation, which is designated by the 
term dialysiSf the lower mouth of a glass vessel, open on both sides 
(fig. 84), is tied over with parchment paper placea upon an appro- 
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priate support (fig. 85), and transferred, together with the latter, 
into a larger vessel filled with water (fig. 86) ; or the vessel may 
he suspended, as shown in fig. 87. The liouid containing the dif- 
ferent substances in solution is then pourea into the inner vessel, 
so as to form a layer of about half an inch in height upon the 
parchment paper. The crystallo'idal substances ^adually pass 
through the parchment paper into the outer water, which may be 
renewed from time to time : the colloidal substances are almost 
entirely retained by the liquid in the inner vessel. In this 
manner Graham prepared several colloids, free from ciystal- 
loids ; he showed, moreover, that poisonous crystalloids, such as 
arsenioiis acid or strychnine, even when mixed with very large 
proportions of colloidal substances, pass over into the water of the 
dialyser in such a state of purity that their presence may be estab- 
lished by re-agents with the utmost facility. 

Osmose , — When two different liquids are separated by a pcujous 
diaphragm, as, for instance, by a membrane, and the liquids mix 
through this diajihragm, it is found that in most cases the quantities 
travelling in opposite directions are unequal. Suppose three 
cylinders, the lower mouths of which are tied over with bladders, 
tilled respectively with concentrated solutions of copper sulphate, 
sodium chloride, and alcohol, and let them be immersed in vessels 
containing water, to such a depth that the liquids inside and outside 
are level (fig. 88^. After some time the liquid within the tube is 
found to have risen appreciably above the level of the water (fig. 

* 89). On the other hand, if the cylinder filled with pure water be 
immersed in a solution of copper sulphate, or of sodium chloride, 


Fig. 88. Fig. 89. Fig. 90. 



or in alcohol, the liquid in the cylinder is seen to diminish after 
some time (fig. 90). A larger quantity of water passes thro^h 
the bladder into the solution of copper sulphate, of sodium chloride, 
or into alcohol, than the amount of either of these three liquids 
which passes through the bladder into the water. The mixing of 
dissimilar substances through a porous diaphragm is called osmose. 
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The passage in larger proportion of one liquid into another is 
designated oy the term exosmose. 

These phenomena are due to the attraction which the two liquids 
have for each other, and to the difference of the attraction exer- 
cised by the diaphragm upon these liquids. Bladder takes up a 
much laiger quantity of water than of a solution of salt or of 
alcohol, very rarely only one of the liquids traverses the dia- 
phragm; -generally two currents of unequal strength move in 
opposite directions. When water is separated by an animal mem- 
brane from a solution of salt or from alcohol, not only is a transi- 
tion of water to these liquids “observed, but a small quantity of 
hydrochloric acid and oi alcohol also passes over into the water. 
In spme cases, however, when colloidal substances in concentrated 
solutions are on one side of the diaphragm and water on the other, 
the latter alone traverses the diaphragm, not a trace of the former 
pas^g through to the water. 

Water likewise dissolves gases. Solution of gases in water ^or 
in other liquids) is called absorption^ unless this solution gives rse 
to the fonnation of chemical compounds in definite proportions. 
The phenomena of absorption have been more particularly studied 
by Bunsen, to whom we are indebted for the most accurate exa- 
mination of this subject. 

Water dissolves very unequal quantities of the different gases, 
and^ very unequal quantities of the same gas at different tempera- 
tures. 1 vol. of water absorbs, at the temperatures stated in the 
table, and under the pressure of 30 inches of mercury, the follow- 
ing volumes of diiierent gases, measured at 0® C. and 30 inches 


pressure ; — 

Oxygen. 

Nitrogen. 

Hydrogen. 

Nitrogen 

Monoxide. 

Carbon 

Dioxide. 

0*^ C. . . 

0-041 

0-020 

0-019 

1-31 

1-80 

10*^ . . . 

0-033 

0-016 

0-019 

0-92 

1-18 

20** . . 

0-028 

0-014 

0-019 

0-67 

0-90 


Chlorine. 

Hydrogen 

Sulphurous 

Hydrochlo- 

Ammo- 


Sulphide. 

Oxide. 

ric Acid. 

nia. 

0° C. . . 

— 

4-37 

53-9 

505 

1180 

10® . . 

2 -.59 

3-59 

36-4 

472 

898 

20® . . 

2-16 

2-91 

27-3 

441 

680 

30® . . 

1-75 

2-33 

20-4 

412 

586 

40® . . 

1-37 

1-86 

16-6 

387 

444 


When the pressure increases, a larger quantity of the gases is 
absorbed. Gases moderately soluble in water follow in their solu- 
bility the law of Hemy and Dalton, according to which the quan- 
tity of gas dissolved is proportional to the pressure. At 10® C. 
1 vol. of water absorbs under a pressure of 1 atmosphere 1*18 vol. 
of carbon dioxide, measured at 0^ and ujider a pressure of 30 inches 
merctiry. The quantity of carbon dioxide dissolved under a pres- 
sure of 2 atmospneres, and measured- under conditions precisely 
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similar to those of the pre^ous experiments, equals 2'30 vols. 
Again, 1 vol. of water dissolves under a pressure of atmosphere, 
0-69 voL of carbon dioxide also measured at 0° and under 30 inches 
of mercury. Gases which are exceedingly soluble in water do not 
obey this law, except at higher temperatures, when the solubility 
has been already considerably diminished. ^ 

It deserve^, however, to be noticed, that the pressure which 
determines the rate of absorption of a gas is by no means the 
general pressure to which the absorbing liquid is exposed, but that 
pressure which the gas under! consideration would exert if it were 
alone present in the space with which the absorbing liquid is in 
contact. Thus, supposing water to be in contact with a mixture 
of 1 vol. of carbon dioxide and 3 vols. of nitrogen, under a pressure 
of 4 atmospheres, the amount of carbon dioxide dissolveu by the 
water will be by no means equal to that which the water would 
have absorbed if it had been, at the same pressure of 4 atmospheres, 
in coiitact with pure carbon dioxide. In a mixture of carbon 
dioxide and nitrogen in the stated proportions, the carbon dioxide 
exercises only J, the nitrogen only f, of the total pressure of the 
gaseous mixture (4 atmospheres) ; the partial pressure due to the 
carbon dioxide is in this case 1 atmosphere, that due to the nitro- 
gen 3 atmospheres ; and wdter, though exposed to a pressure of 
4 atmospheres, cannot, under these circumstances, absorb more 
carbon dioxide than it would if it were in contact with pure carbon 
^ioxide under a pressure of 1 atniosphere. 

It is necessary to bear this in mind in order to understand why 
the air which is absorbed by water out of the atmosphere differs 
in composition from atmospheric air. The latter consists very 
nearly of 2 1 vols. of oxygen and 79 vols. of nitrogen. In atmospheric 
air which acts under a pressure of 1 atmosphere, the oxygen exerts 
a partial pressure of yV^r, the nitrogen a partial pressure of 1 %* 
atmosphere. At 10° C. 1 vol. of water (see the above table) absorbs 
0-033 vol. of oxygen, and 0'016 vol. of nitrogen, supposing these 
gases to act in the pure state under a pressure of 1 atmosphere. 
But under the partial pressures just indicated, water of 10° C. 
cannot absorb more than iVir X 0*033 = 0-007 of oxygen, and 
T% X 0*016 = 0*13 vol. of nitrogen. In 0 007 + 0*13 = 0*020 vol. 
of the gaseous mixture absorbed by water there are consequently 
0*007 vol. of oxygen, and 0*013 vol. of nitrogen, or in 20 vols. of 
this mixture, 7 vols. of oxygen, and 13 vols. of nitrogen, or in 100 
vols. of the gaseous mixture, 35 vols. of oxygen and 69 vols. of 
nitrogen. The air contained at the common temperature in water 
is thus seen to be veiy much richer in oxygen than ordinary 
atmospheric air. 

Water containing a gas in solution, when exposed in a vacuum 
or in a space filled with another gas, allows the gas absorbed to 
escape until the quantity retained corresponds with the share of 
the pressure belonging to the gas evolved. If the latter be con- 
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stantly removed by a potverful absorbent or by a good air-pump, 
it is in most cases eafey to separate every trace oi gas from tne 
water. The same result is obtained When water contaimng a gas 
in solution is exposed in a space of comparatively infinite size 
filled with another gas. Water in which nitrogen monoxide is 
dissolved loses the latter entkely by mere exposure to the atmo- 
sphere, and the gas evolved cannot, at any moment, exert more 
than an infinitely small share of the pressure. If water be freed 
from gases by ebTilfitioi^ the separation depends partly upon the 
diminution of the solubility by me increase of temperature, partly 
also upon the fonnation above the suiface of the liq iiid of a con- 


stantly renewed atmosphere into which the gas still retained by. 
the liquid may escape. 

Some gases which are absorbed in large quantities, and very 
quickly by water — hydrochloric acid, for instance — caimot be per- 
fectly expelled either by the protmcted action of another gas 


(exjwsure to the atmospnere; or by eouintion ; in sucn cases tne 
liquid still charged with gas ev^orates as a whole when it has 
assumed a certain composition. Inis composition varies, however, 
if the liquid be submitted to a current of air, with the tempera- 
ture ; ^and it‘ it be boiled, with the pressure under which ebullition 
takes place. 

* Liquids also lose the gas they contain in solution by freezing • 
hence the air-bubbles in ice, which cpnsist of the air which had 


or by ebullition ; in such cases the 


been absorbed from the atmosphere by the water. Gas is retained 
by lijiuids at the freezing temperature only when it forms a 
chemical combination in definite proportion with the liquid. 
Water containing chlorine or sulphurous acid in solution freezes 
without evolution of gas, with formation of a solid hydmte of 
chlorine or sulphurous acid. 

Pure w^r generally dissolves gases more copiously than water 
containing solid bodies in solution (salt water, for instance). If 
in some few cases exceptions are observed to take place, they 
appear to depend upon the formation of feeble but true chemical 
compounds m definite proportion ; the fact that carlion dioxide is 
more copiously absorbed by water containing sodium phosphate 
in solution than by pure water may perhaps be explained in this 


manner. 


When water is heated in a strong vessel to a temperature above 
that of the ordinary boiling-point, its solvent powers are still 
further increased. Dr. Turner enclosed in the upper part of a 
high-pressure steam-boiler, worked at 149® C. (300^ R), pieces of 
plate and crown glass. At the expiration of four months the glass 
was found completely corroded by the action of the water ; what 
remained was a white mass of silica, destitute of alkali, while 
stalactites of siliceous matter, above an inch in length, depended 
from the little wire cage which enclosed the glass. This experi- 
ment tends to illustrate the changes which may be produced by 
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the action of water at a high temperature in the interior of the 
earth upon felepathic and other rocks. The phenomenon is 
manifest in the Geyeler springs of Iceland, which deposit siliceous 
sinter. 

Hydbogbn Dioxide, HgOg, sometimes calfed oosygenated water^ 
is an exceedingly interesting substance, but very difficult of pre-' 

K tion. It is formed by dissolv' barihm dioxide in dilute 
'ochioiic acid carefully cooled by ice, and then precipitating the . 
barium by sulphuric acid; the excess of oxygen of the dioxide, 
instead oi being disengaged as gas, unites with a portion of the 
water, and converts it into hydrogen dioxide. This treatment is 
repeated with the same solution and fresh portions of the barium 
dioxide, until a considerable quantity of the latter has been con- 
smned, and a corresponding amount of hydrogen dioxide formed. 
The liquid yet contains hydrochloric acid, to get rid of which it is 
treated in succession with silver sulphate and baiyta-water. The 
whole process requires the utmost care and attention. The barium 
dioxide itself is prepared by exposing pure baryta, contained in a 
red-hot porcelain tune, to a stream of oxygen. The solution of 
hydrogen dioxide may be concentrated under the air-pump re- 
ceiver until it acquires the specific gravity of 1’45. In this dtate 
it presents the aspect of a colourless, transparent, inodorous liquid, 
possessing remarkable bleaching powers. It is very prone to 
decomposition; the least elevation of temperature causes effer- 
S^escence, due to the escape of oxygen gas ; near 100° it is decom- 
posed with explosive violence. Hydrogen dioxide contains exactly 
twice as much oxygen as water, or 16 parts to 1 part of hydrogen. 


NITBOaSN. 

Atomic weight, 14 ; symbol, N. 

Nitrogen* constitutes about four-fifths of the atmosphere, and 
enters into a great variety of combinations. It may be prepared 
by several methods. One of the simplest of these is to bum out 
the oxygen from a confined portion of air by phosphorus, or by a 
jet of hydrogen. 

A small porcelain capsule is floated on the water of the pneu- 
' matic trough, and a piece of phosphorus is placed in it and set on fire. 
A bell-iar is then inverted over the whole, and suffered to rest on 
he shelf of the trough, So as to project a little over its ed^. At 
first the heat causes expansion of the air of the iar, and a few 
bubbles are expelled, mter which the level of the water rises 

* i,e,, Generator of nitre ; also called Azote, from a, privative, and 
life. 


K 
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considerably. When the phosphorus becomes extinguished by 
exhaustion of the oxygen, and time has been given for the sub- 
sidence of the cloud of finely^ 
Fig. 91. divided snow-like phosphorfo 

oxide which floats in the resi- 
dual gas, the nitrogen may be 
transferred into another vessel, 
and its properties examined. 

Prepared by the foregoing 
process, nitrogen is contami- 
nated with a little vapour of 
phosphorus, which communi- 
cates its peculiar odour. A 
preferable method is to fill a 
porcelain tube with turnings 
of copper, or, still better, with ’ 
the spongy metal obtained by : 
reducing the oxide with hydro- | 
gen ; to heat this tube to red- | 
ness ; and then pass through it a slow stream of atmospheric air, 
the oxygen of which is entirely removed during its progress by 
the heated copper. 

If chlorine gas be passed into solution of ammonia, the latter 
substance, which is a com2)ound of nitrogen with hydrogen, is 
decomposed ; the chlorine combines with the hydrogen, and the 
nitrogen is set free with effervescence. In this manner very pure' 
nitrogen can be obtained. In making this experiment, it is neces- 
sary to stop short of saturating or decomposing the whole of the 
ammonia ; otherwise there will be great risk of accident Irom the 
formation of an exeeedingly dangerous explosive compound, pro- 
duced by the contact of chlorine with an aminoniacal salt. 

Another very easy and perfectly safe method of obtaining puie 
nitrogen is to decompose a solution of potassium nitrite with 
ammonium chloride (sal-ammoniac). The potassium nitrite is 
propped by passing the red vapours of nitrous acid obtained by 
heating dilute nitnc acid with starch into a solution of caustic 
potash. On boiling the resulting solution with sal-ammoniac, 
mtrogen gas is evolved, while potassium chloride remains in solu- 
tion. The reaction is represented by the equation, 

KNO2 + NH4CI = KCl -f- 2H2O + Ng. 

Potassium Ammonium Potassium Water. Nitrogen 
nitrite. chloriUe. chloride. gas. 

Nitrogen is destitute of colour, taste, and odour ; it is a little 
lighter than air, its density being 0"972. A litre of the gas at 0° C. 
and 760 mm, barometric pressure weighs 1*25658 gram. 100 cubic 
inches, at 60° I*, and 30 inches barometer, weigh 30*14 grains. 
Nitro^n is incapable of sustaining combustion or animal existence. 
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although, like hydrogen, it has no positive ^isonous properties ; 
neither is it soluble to any notable extent m water or in caustic 
nllrnlT ; it is, in fact, best characterised by negative properties. 

Atmospheric Air . — The exact composition of the atmosphere has 
repeated^ been made the subject of experimental research. Besides 
nitrogen and oxygen, the air contains a little carbon dioxide (car- 
bonic acid), a very variable proportion <'f aqueous Vapour, a trace o f 
ammonia, and, perhaps, a little c ar bnre ttednydrogen . Tfie oxygen 
anH mtrogSTare in a state of mixture, not ot combination, yefeiheir 
ratio is always uniform. Air has l^en bxotwht £com lofty Alpine 
heights, and compared with that the pl^s of Egypt ; it has 
been brought from ^n elevation oi^^,000 feet by the aid of a 
balloon ; it has been collected and exMuc^ in London and Paris, 
and many other places ; still the propoifH^f osqp^gen rad nitrogen 
remains rmaltered, the diffusive energy of^e gases being adequate 
to maiutain this perfect uniformity of mixture. The carbon 
dioxide, on the contrary, bein^ much influenced by local causes, 
varies considerably. In the following table the proportions of 
oxygen and nitrogen are given on the authority of Dumas, and 
the carbon dioxide on that of De Saussure ; the ammonia, the dis- 
covery of which in atmospheric air is due to Liebig, is too small 
in quantity for direct estimation. 

Composition, of the Atmosphere. 

By weight. By measures. 

Nitrogen, 77 parts 79‘19 

Oxygen, 23 „ 20‘81 

100 100-00 

Carbon dioxide, from 3'7 measru-es to 6*2 measiures in 10,000 
measures of air. 

Aqueous vapour variable, depending much upon the tempera- 
ture. 

Ammonia, a trace. 

Dr. Frankland has analysed samples of air taken by himself in 
the valley of Chamouni, on the summit of Mont Blanc, and at the 
Grands Mulets. The following are the results of his analyses : — 


Carbon dloxlda Oxyijfen. 

Chamouni (3000 feet), . 0'063 20*894 

Grands Mulets (11,000 feet), 0-111 20-802 

Mont Blanc (16,732 feet), 0-061 20 963 


A Utre of pure and dry air at 0® C. and 760 mm. pressure weighs 
1-29366 grams. 100 cubic inches at 60® F. and 30 inches barom. 
weigh 30-936 grains: hence a cubic foot weighs 636-96 grains. 
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Fig. 92. 


which is TfTz of the weight of a cubic foot of water at the same 
temperature. 

'Ilie analysis of air is very well effected by passing it over finely 
divided copper contained in a tube of hard glass, 
carefully weighed and then heated to redness ; 
the nitrogen is suftered to flow into an ex- 
hausted ^ass globe, also previously weighed. 
The increase of weight after the experiment 
gives the information sought. 

An easier, but less accurate method, consists 
in introducing into a graduated tube, standing 
over water, a known quantity of the air to be 
examined, and then ]^)assing into the latter a* 
stick of phosphorus affixed to the end of a wire. 
The whole is left about twenty-four hours, 
duiing which the oxygen is slowly but com- 
I^letely absorbed, after which the j)hosphorus is 
withdrawn, and the residual gas read off. 

Liebig has proposed to use an alkaline solu- 
tion of pyrogallic acid (a substance wliich will 
be described in the department of organic 
chemistry) for the absorption of oxygen. The 
absorf^tive power of such a solution, which turns deep black 



on coining in contact with the 


Fig. 93. 


oxygen, is very considerable. 
Liebig’s method combines 
great accuracy with unusual 
rapidity and facility of exe- 
cution. 

Another plan is to mix 
the air with hydrogen and 
pass an electric spark 
through the mixture; after 
explosion the volume of gas 
is read off and compared 
with that of the air em- 
ployed. Since the analysis 
of gaseous bodies by explo- 
sion is an operation of great 
impoifance, it may be worth 
while to describe the pro- 
cess in detail, as it is ap- 
])licable, with certain ob- 
vious variations, to a num- 
ber of analogous cases. 

Instruments for this pur- 
pose, are called eudio- 
meters. The simplest, and, 
on the whole, the most convenient consists of a straight graduated 
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glass tube (fig. 93) closed at the top, and having platinum wires 
inserted near the closed end, to give passage to an electric spark. 
This tube is filled with mercuiy, and inverted in a Aercurial 
pneumatic trough. 

For the analysis of air, a quantity sufficient to fill about 
one-sixth of the tube is introduced, and its volume accurately 
ascertained by reading off with a telescope the number of divi- 
sions on the tube to which the mercury reaches, whilst the height 
of the column of mercury in the tube above the trough, togetner 
with that of the barometer, and the temperature of the air, are 
also read off*. A quantity of pure hydrogen gas is now added, 
more than sufficient to unite with all the oxygen present (about 
half the volume of the air) ; and the volume of the gas and the 
pressure exerted upon it, are determined as before. An electric 
spark is now passed through the mixture, care being taken to 
prevent any escape, by pressing the open end of the eudiometer 
against a piece of sheet caoutchouc under the mercury in the 
trough. After the explosion, the volume is again determined, and 
is found to be less than that before the explosion. The volume 
of gas read off must in each case be reduced to standard pressure 
and temperature by the method already given (p. 27). 

Now, since the hydrogen is in excess, and 2 volumes of that gas 
unite with 1 volume of oxygen to form water, one-third of the 
diminution must be the volmne of the oxygen contained in the 
^.air introduced. An example will render this clear : — 


Air introduced. 

100 measures. 

Air and hydrogen, 

Volume after explosion. 

160 

97 

Diminution, 

63 


~ - = 21 =s oxygen in the 100 measures. 


Compounds of Nitrogen and Oxygen, 

There are five distinct compounds of nitrogen and oxygen, thus 
named and constituted : — 

Composition. 


Monoxide, . . NgO 

Dioxide, . . . NgO 

Trioxide, or Nitrous ) -vr 
oxide, ... J 
Tetroxide, . . N«0, 


Formula. 

By weight. 
Nitrogen. Oxygen. 

NjO 

28 

16 

NaOj or NO 

28 

32 


28 

48 

Ng 04 orNOj 

28 

64 


28 

80 


By volume. 
Nitrogen. Oxygen. 
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A comparison of these numbers will show that the quantities of 
oxygen which unite with a given quantity of nitrogen are to one 
another*in the ratio of the numbers 1, 2, 3, 4, 5. 

The first, third, and fifth of the compounds in the table are 
capable of taking up the elements of water and of metallic oxides 
to form salts (p. 116), called respectively hyponitrites, 
nitrites, and nitrates, the hydrogen salts being also called 
hj^onitrous, nitrous, and nitric acid. 

The composition of these acids and of their potassium salts is 
represented by the following formulas : — 

Hydrogen Hyponitrite, or Hyponitrous acid, HgO.NgO or HNO 
Potassium Hyponitrite, .... KgO.NgO or KNO 

Hydrogen Nitrite, or Nitrous acid, . HoO.NoO, or HNO.> 
Potassium Nitrite, . . . 

Hydrogen Nitrate, or Nitric acid, 

Potassium Nitrate, 


K 3 O.N 2 O 3 or KNO; 


HoO.N.O,. or HNO, 


KoO.N.O^ or KNO, 


The dioxide and tetroxide of nitrogen do not form salts. 


It will be convenient to commence the description of these com- 
pounds with the last on the list, viz., the pentoxide, as its salts, 
the nitrates, aie the sources from which all the other compounds 
in the series are obtained. 


Nitrogen Pentoxide, or Nitric Oxide, NoO^ (also called An-* 
hydrous Nitric Acidj or Nitric Anhydride), — Tliis compound was 
discovered in 1849 by Deville, who obtained it by exposing silver 
nitrate to the action of chlorine gas. Chlorine and silver then 
combine, forming silver chloride, whic^ remains in the apparatus, 
while oxygen and nitrogen pentoxide separate ; 

Ag^O.N^O^ + CI 2 = ^AgCl + N 2 O 3 . 

The latter is a colourless substance, crystallising in six-sided 
prisms, which melt at 30° and boil between 45° and 50°, when 
they begin to decompose. Nitrogen pentoxide sometimes explodes 
spontaneously. It dissolves in water with great rise of tempera- 
ture, forming hydrogen nitrate or nitric acid. 

Nitrates — Nitric Acid. — In certain parts of India, and in 
other hot dry climates where rain is rare, tne surface of the soil is 
occasionally covered by a saline efflorescence, like that sometimes 
apparent on newly plastered walls ; this substance collected, dis- 
solved in hot water, and crystallised from the filtered solution, 
furnishes the highly important salt known in commerce as nitre or 
saltTOtre, and consisting of potassium nitrate. To obtain nitric 
acid, equal weights of powdered nitre and strong sulphuric acid are 
introduced into a glass retort, and heat is applied by means of 
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an Argand gas-lamp or charcoal chauffer. A flask, cooled by a 
wet cloth, is adapted to the retort to serve for a receiver. No 
luting of any kind must be used. 

As the distillation advances, the red fumes which first arise 
disappear, but towards the end of the process they again become 
manifest. When this happens, and very little liquid passes over, 
while the greater part of the saline matter of the retort is in a 
state of tranquil fusion, the operati<'n may be stopped ; and when 
the retort is quite cold, water may be introduced to dissolve out 
the saline residue. The reaction consists in an interchange between 
the potassium of the nitre and half the hydrogen of the sulphuric 
acid (hydrogen sulphate), whereby there are formed hydrogen 
nitrate whi^ distils over, and hydrogen and potassium sulphate 
which remains in the retort. 

KNO 3 + H 2 SO 4 - HNO 3 + HKSO 4 

Potassium Hydrogen Hydrogen Hydrogen and 
nitrate. sulpliate. nitrate. potassium sulphate. 

In the manufacture of nitric acid on the large scale, the glass 
retort is rejdaced by a cast-iron cylinder, and the receiver by a 
series of earthen condensing vessels connected by tubes. Sodium 
nitrate, found native in Peru, is now generally substituted for 
liotassiuni nitrate. 

Nitric add thus obtained has a specific gravity of from 1’5 to 
1 *52 ; it has a golden-yellow colour, due to nitrogen trioxide, or 
tetroxide, which is held in solution, and, when the acid is diluted 
with water, gives rise by its decomposition to a disengagement of 
nitric oxide. Nitric acid is exceedingly corrosive, staining the 
skin deep yellow, and causing total disorganisation. Poured upon 
red-hot powdered charcoal, it causes brilliant combustion; and 
when added to warm oil of turpentine, acts upon that substance 
so energetically as to set it on fire. 

Pure nitric acid, in its most concentrated form, is obtained by 
mixing the above with about an equal quantity of strong sulphuric 
acid, redistilling, collecting apart the first portion which comes 
over, and exposing it in a vessel slightly warmed and sheltered 
from the light, to a current of dry air made to bubble through it, 
which completely removes the nitrous acid. In this state the 
product is as colourless as water; it has the sp. gr. 1*617 at 15*5° 
(60° F.), boils at 84*5° (184° F.), and consists of 54 parts nitrogen 
pentoxide and 9 parts water. Although nitric acid in a more 
dilute form acts very violently upon many metals, and upon 
organic substances generally, this is not the case with the most 
concentrated acid : even at a boiling heat, it refuses to attack iron 
or tin ; and its mode of action on lignin, starch, and similar sub- 
stances, is quite peculiar, and very much less energetic than that 
of an acid containing more water. 
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On boiling nitric acid of different degrees of concentration, at 
the ordinary atmospheric pressure, a residue is left, boiling at 
120'5° and 29 inches barometer, and having the sp. gr. 1-414 at 
15*6®. This acid was formerly supposed to be a definite compound 
of nitric acid with water; but Koscoe has recently proved this 
assumption to be incorrect, the composition of the acid varying 
according to the pressure under wliich the liquid boils. 

The nitrates form a very extensive and important group of 
salts, wliich are remarkable for being all soluble in water. 
Hydrogen nitrate is of great use in the laboratory, and in many 
branches of industry. 

The acid prepared in the way described is apt to contain traces 
of chlorine from common salt in the nitre, and sometimes of 
sulphate from accidental splashing of the pasty mass in the retort. 
To discover these impurities, a portion is diluted with four or five 
times its bulk of distilled water, and divided between two glasses. 
Solution of silver nitrate is dropped into the one, and solution of 
barium nitrate into the ether; if no change ensue in either c'^se, 
the acid is free from the impurities mentioned. 

Nitric acid has been formed in small quantity by a very curious 
process, — namely, by passing a series of electric sparks through a 
portion of air in contact with water or an alkaline solution. The 
amount of acid so formed after many hours is very minute ; still 
it is not imj)ossible that powerful discharges of atmospherie elec- 
tricity may sometimes occasion a trifling production ot nitric acid 
in the air. A very minute quantity of nitric acid is produced by 
the combustion of hydrogen and other substances in the atmo- 
sphere ; it is also formed by the oxidation of ammonia. 

Nitric acid is not so easily detected in solution in small quan- 
tities as many other acids. Owing to the solubility of all its 
compounds, no precipitant can be found for this substance. An 
excellent mode of testing it is based upon its power of bleaching 
a solution of indigo in sulphuric acid when boiled with that 
liquid. The absence of chlorine must be insured in this experi- 
ment by means which will hereafter be described ; otherwise the 
result is equivocal. 

The best method for the detection of nitric acid is the fol- 
lowing The substance to be examined is boiled with a small 
quantity of water, and the solution cautiously mixed with an 
eaual volume of concentrated sulphuric acid ; the liquid is then 
allowed to cool, and a strong solution of ferrous sulphate carefully 
poured upon it, so as to form a separate layer. If laige quantities 
of nitric acid are present, the surface of contact first, and then 
the whole of the liquid, becomes black. If but small quantities 
of nitric acid are present, the liquid becomes reddish-brown or 
purple. The ferrous sulphate reduces the nitric acid to nitrogen 
dioxide, which, dissolving in the solution of ferrous sulphate, 
imparts to it a dark colour. . 
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Nitrogen Monoxide, NgO (sometimes called Nitrous Oxide; 
also Laughing Gas ). — When solid ammonium nitrate is heated in 
a retort or flask* (fig. 94), furnished with a perforated cork and 
Lent tube, it is resolved into water and nitrogen monoxide. 
NH 4 .N 03 = H20 + N20. 

No particular precaution is required in the operation, save due 
regulation of tlm heat, and the avoidance 
of tumultuous disengagement of the gas. 

Nitrogen monoxide is a colourlj^s, trans- 
parent, and almost inodorous gas, of dis- 
tinctly sweet taste. Its specific gravity is 
1*525; a litre of it weighs 1*97172 gram; 

100 cubic inches weigh 47*29 grains. It 
supports the combustion of a taper or a 
piece of phosphorus with almost as much 
eneigy as pure oxygen : it is easily distin- 
guished, however, from that gas by its solu- 
bility in cold water, which dissolves nearly 
its own volume : hence it is necessary to 
use tepid water in the pneumatic trough or 
gas-holder, otherwise great loss of gas will 
ensue. Nitrogen monoxide has been lique- 
fied, l)ut with difficulty; it requires, at 45° F. 

(7*2 O.), a pressure of 50 atmospheres : the 
liquid, when exposed under the bell-glass 
of the air-pump, is rapidly converted into a snow-like solid. 
AVlien mixed with an equal volume of hydrogen, and fired by the 
electric spark in the eudiometer, it explodes with violence, and 
liberates its own measure of nitrogen. Every two volumes of the 
gas must consequently contain two volumes of nitrogen and one 
volume of oxygen, the whole being condensed or contracted one- 
thirtl — a constitution resembling that of vapour of water. 

The most remarkable property of this gas is its intoxicating 
power upon the animal system. If quite pure, or merely mixed 
with atmospheric air, it may be respired for a short time without 
danger or inconvenience. The effect is very transient, and is not 
followed by depression. The gas is now much used as aij anaes- 
thetic in dental surgery. 

Hyponitrous Acid, NgO.HgO, or HNO. — ^When a solution of 
sotlium nitrate, NaNOg, or ammonium nitrate, NH 4 . NO 3 , is treated 

* 

^ Florence oil-flasks, which may be purchased at a very trifling sum, 
constitute exceedingly useful vessels for chemical purposes, and often 
supersede retorts or other expensive apparatus. They are rendered still 
more valuable by cutting the neck smoothly round witn a hot iron, soften- 
ing it in the flame of a good Argand gas-lamp, and then turning over the 
edge so as to form a lip or border. The neck will then bear a tightly-fit- 
ting cork without risk of splitting. 
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■with sodium anudgam (a compound of sodium and mercury), the 
nitrate gives im 2 atoms of oxygen to the sodium, and is reduced to 
hyponitrite, NaNO. On neutralising the excess of alkali in the 
liquid, by adding acetic acid till the solution no longer gives a 
brown or black precipitate (of silver oxide) with silver nitmte, a 
solution of sodium hyponitrite is obtaineo, whi^ is alkaline to 
test-paper, and gives with silver nitrate a yellow precipitate of 
silver hyponitrite, AgNO. When the original alkaline liquid is 
acidified with acetic acid, and^eated, the hyponitrous acid is 
resolved into water and nitrogen monoxide, which escapes as gas, 
SHNO^HaO-fNaO* 

Nitrogen Dioxide, or N<0 (sometimes called Nitric 

Oxide). — Clippings or turnings of copper are put into the appa- 
ratus employed for preparing hydrogen (p. 12^, together mth a 
little water, and nitric acid is added by the iuimel until brisk 
effervescence is excited. The gas may be collected over cold 
water, as it is not sensibly soluble. 

The reaction is a simple deoxidation of some of the nitric acid 
by the copper : the metal is oxklised, and the oxide so formed is 
dissolved by another portion of the acid, forming copper nitrate. 
Nitric acid is vary prone to act thus upon certain metals : — 

8HNO3 + CU3 = N3O2 + 3 Cu(N 03)2 + 4H2O. 

Nitric acid. Copper nitrate. 

The gas obtained in this manner 'is colourless and transparent : 
in contact with, air or oxygen gas it produces deep red fumes, 
which are readily absorbed by water : this character is sufficient 
to distinguish it from all other gaseous bodies. A lighted taper 
plunged into the gas is extinguished ; lighted phosphorus, how- 
ever, burns in it with great hruliancy. 

The specific gravity of nitrogen dioxide is 1’039 ; a litre weighs 
1*34343 grams. It contains equal measures of oxvgen and nitro- 
gen gases united without condensation. When this gas is passed 
into the solution of a ferrous salt, it is absorbed in large quantity, 
and a deep brown, or nearly black liquid produced, which seems 
to be af definite compound of the two substances (p. 152). The 
compound is again decomposed by boiling. 

Nitrogen Trioxide, or Nitrous Oxide, NgOg. — ^When four 
ipeasures of nitrogen dioxide are mixed with one measure of 
oxygen, and the gases, perfectly dry, are exposed to a temperature 
of — 18'’, they condense to a tmn mobile blue liquid, which emits 
orange-]^ vapours. 

Nitrous oxide, sufficiently pure for most purposes, is obtained 

* Divers. Proceedings of the Royal Society, xix. 425: Chem. Soc. 
Journ. [21 ix. 484. 
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by pouring concentrated nitric acid on lumps of arsenious acid, 
and gently warming the mixture, in order to start the reaction. 
Nitrous oxide is then evolved as an orange-red gas, assenic acid 
remaining behind. 

Nitrous oxide is decomposed by water, being converted into 
nitric acid and nitrogen dioxide : SNgOg + H 2 O « 2HNOo + 2 N 0 O 2 . 
For this reason it cannot be made to unite directly with metdlic 
oxides; potassium nitrite may, however, be prepared by fusing 
potassium nitrate, whereby pax1j|of its oxygen is driven off ; and 
many other salts of nitrous acid may be obtained by indirect 
means. Thus a solution of potassium or sodium nitrite may be 
prepared by passing the vtmour of nitrogen trioxide, obtained as 
above hy heating nitric acia with arsenious acid (or with starch), 
into a solution of caustic potash or soda. 

Nitrogen Tetroxide, N2O4 or NOg (also called Nitric Per- 
oxide ). — This is the principm constituent of the deep red fumes 
always produced when nitrogen dioxide escapes into the air. 

When carefully dried lead nitrate is exposed to heat in a retort 
of hard glass, it is decomposed, lead oxide remaining behind, while 
a mixture of oxygen and nitrogen tetroxide is evolved. By sur- 
rounding the receiver with a very powerful freezing mixture, the 
latter is condensed in transparent crystals, or if the slightest trace 
of moisture is present, as a colourless liquid, which acquires a 
yellow and ultimately a red tint, as the temperature rises. At 
27*8° it boils, giving off its well-known red vapour, the intensity 
of the colour of which is greatly augmented by elevation of tem- 
perature. Its vapour is absorbed by strong nitric acid, which 
thereby acquires a yellow or red tint, passing into green, then into 
blue, and afterwards disappearing altogether on the addition of 
successive portions of water. The deep red fuming acid of com- 
merce, called nitrous acid^ is simply nitric acid impregnated with 
nitrogen tetroxide. 

Nitrogen tetroxide is decomposed by water at very low tem- 
peratures in such a manner as to yield nitric and nitrous acids, 
N2O4 -[- HgO = HNO3 + HNOg; but when added to excess of 
water at ordinary temperatures it yields nitric acid, and the pro- 
ducts of decomposition of nitrous acid, namely, nitric acid and 
nitrogen dioxide. In like manner, when passed into alkaline 
solutions, it forms a nitrate and a nitrite of the alkali-metal ; but 
it has been also supposed to unite directly, under certain circum- 
stances, with metallic oxides — lead oxide, for example — ^forming 
definite crystalline salts, and has hence been called hyponitric acid; 
but it is most probable that these salts are compounds of nitrates 
and nitrites : e.g., 

2 (Pb 0 .N 204 ) = Pb(N 03)2 + Pb(NOa)2 

Lead liyponitrate. Lead nitrate. Lead nitrite. 
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Nitrogen appears to combine, under favourable circumstances, 
with metals. When iron is heated to redness in an atmosphere of 
ammonia, it becomes brittle and crystalline, and shows an mcrease 
in weight, said to vary from 6 to 12 per cent ; while, according to 
other observers, the physical characters of the metal are changed 
without sensible alteration of weight. By heating copper in 
ammonia, no compound of nitrogen with copper is produced. But 
when ammonia is passed over copper oxide heated to 300°, water 
is formed, and a soft brown pow^r produced, which, when heated 
further, evolves nitrogen, and leaves metallic copper. The same 
effect is produced by the contact of strong acids, A similar com- 
pound of chromium with nitrogen appears to exist. 


NITROGEN AND HYDROGEN ; AMMONIA, NH3. 

When powdered sal-ammoniac is mixed with moist calcium 
hydrate (slaked lime), and gently heated in a glass flask, a large 
quantity of gaseous matter is disengaged, which must be collected 
over mercury, or by disjdacement, advantage being taken of its 
low specific gravity. 

Ammonia gas tnus obtained is colourless ; it has a strong pun- 
gent odour, and possesses in an eminent degree those properties to 
which the term alkaline is apidicd ; that is to say, it turns the 
yellow colour of turmeric to brown, that of reddened litmus to 
blue, and combines readily with acids, neutralising them com- 
pletely ; by these reactions it is easily distinguished from all other 
bodies possessing the same physical characters. Under a pressure 
of 6 ‘5 atmospheres at 15*5°, ammonia condenses to the liquid form. 
Water dissolves about 700 times its volume of this gas, forming a 
solution which in a more dilute state has long been known under 
the name of liquor ammonice; by heat a great part is again exj)elled.* 
The solution is decomposed by chlorine, sal-ammoniac beingformed, 
and nitrogen set free. 

Ammonia has a density of 0*589; a litre weighs 0*76271 gram. 
It cannot be formed by the direct union of its elements, although 
it is sometimes produced under rather remarkable circumstances 

* A concentrated solution of animonia has recently been applied by M. 
Carre for producing intense cold (for the manufacture of ice.) The appa- 
ratus used for this purpose consists of two strong iron cylinders connected 
by tubes, the*one cylinder containing the solution of ammonia, the other 
being empty, and the whole apparatus being perfectly air-tight. The empty 
cylinder is now cooled with water, and the other cylinder is gently warmed. 
The ammonia escapes from the solution, and is condensed by its own 
pressure in the cooled C3dinder, If the source of heat be now removed, the 
liquefied ammonia is again absorbed by the water, and the heat necessary 
for its transformation into vapour being taken from the iron vessel, the 
water surrounding it is converted into ice : by this process the temperature 
may be reduced to — 15® C. ( + 5® F.) 
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by the deoxidation of nitric acid.* The ^eat sources of ammonia 
are the feebly compounded azotised principles of the ’animal and. 
vegetable kingdoms, which, when left to putrefactive change, or 
subjected to destructive distillation, almost invariably give rise to 
an abundant production of this substance. 

The analysis of ammonia gas is easily effected. When a portion 
is confined in a gmduated tube over mercury, and electric sparks are 
passed through it for a considerable time, the volume of the gas 
gradually increases until it become doubled. On examination, 
the tube is found to contain a mixture of 3 measures of hydrogen 
gas and 1 measure of nitrogen. Every two volumes of the ammonia, 
therefore, contained three volumes of hydrogen and one of nitrogen, 
the whole being condensed to one half. The weight of the two con- 
stituents is in the proportion of 3 parts hydrogen to 14 parts nitrogen. 

Ammonia may also be decomjiosed into its elements by trans- 
mission through a red-hot tube. 

Solution of ammonia is a very valuable reagent, and is employed 
in a great number of chemical operations, for some of which it is 
necessary to have it perfectly pure. The best mode of preparation 
is the following : — 

Equal weights of sal-ammoniac (NH 4 CI), and quicklime (CaO), 
arc taken; the lime is slaked in a covered basin, and the salt 
reduced to powder. These are mixed and introduced into a 
large flask connected with a wash-bottle and a receiver contain- 
ing water, in the manner which will he described in connection 
with hydrochloric acid.t A little water is added to the mixture, 
just enough to damp it and cause it to aggi'egate into lumps. On 
cautiously applying heat to the flask, ammonia is disengaged very 
regularly and uniformly, and condenses in the water of the 
receiver. Calcium chloride (CaClg), with excess of calcium hy- 
drate (slaked lime) remains in the flask. 

The decomposition of the salt is represented by the equation: — 

2 NH 4 CI + CaO - 2 NH 3 + CaClg + IlgO. 

Solution of ammonia should be perfectly colourless, leave no 
residue on evaporation, and when supersaturated by nitric acid, 

S ive no cloud or inuddiness with silver nitrate. Its density 
iminishes with its strength, that of the most concentrated being 
about 0*875 : the value in alkali of any sample of liquor ammonise 
is most safely inferred, not from a knowledge of its density, hut 
from the quantity of acid a given amount will saturate. The 
mode of conducting this experiment will be found described under 
Alkalimetry, 

When solution of ammonia is mixed with acids of various kinds, 

♦ A mode of converting tlie nitrogen of the atmosphere into ammonia, 
by a succession of chemical operations, will be noticed in connection with 
Cyanogen, under Organic Chemistiy. 
t See fig. 109, p. 181. 
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salts are generated, whicli resemble in the most complete manner 
the corresponding potassium and sodium compounds: they are best 
discussed in connection with the latter. The ammonia salts may 
be regarded either as direct compounds of ammonia, NH3, with 
acids (HCl, for example), or as resulting from the replacement of 
the hydrogen of an acid by the group NH4, called ammonium^ 
which in this sense is a compound metal, chemically equivalent to 
Ijotassium, sodium, silver, &c. Thus : — 

Ammonia hydrochloride NH3.HCI = NH4. Cl Ammonium chloride, 
,, nitrate NHg.HNOg = NH4.NO3 ,, nitrate. 

,, sulphate (NH3)3.Hj|S04 = ,, sulphate. 

The formulae in the second column are exactly analogous to 
those of the potassium salts, KCl, KNO3, K2SO4. 

Any ammoniacal salt can at once be recognised by the evolution 
of ammonia which takes place when it is heated with slaked lime, 
or solution of potash or soda. 


CARBON. 

Atomic weight, 12 ; symbol C. 

This substance occurs in a state of purity, and crystallised, in two 
distinct and very dissimilar forms — namely, as diamond, and as 
graphite or plumbago. It constitutes a large proportion of all 
organic structures, animal and vegetable : when these latter are 
exposed to destructive distillation in close vessels, a great part of 
their carbon remains, obstinately retaining some of the hydrogen 
and oxygen, and associated with the eaithy and alkaline matter of 
the tissue, giving rise to the many varieties of charcoal, coke, &c. 
This residue, when perfectly separated from foreigir matter, con- 
stitutes a third variety of cairbou. 

The diamond is one of the most remarkable substances known : 
long prized 01^ account of its brilliancy as an ornamental gem, the 
discovery of its curious clieiriical nature confers uj^on it a high 
degree of scientific interest. Several localities in India, the Island 
of Borneo, South Africa, and Brazil, furnish this beautiful sub- 
stance. It is always distinctly crystiillised, often quite transparent 
and colourless, but now and then having a shade of yellow, pink, 
or blue. The ori^n and true geological position of the diamond 
are unknown ; it is always found embedded in gravel and trans- 

} >orted matorials whose history cannot he traced. The crystalline 
61m of the diamond is that of the regular octohedron or cube, or 
some figure geometrically connected with these. Many of the 
octohedral crystals exhibit a very peculiar appearance, arising from 
the faces being curved or rounded, which gives to the crystal an 
almost spherical fi^re. 

The diamond is infusible and unalterable even by a very intense 
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heat, provided air he excluded ; hut when heated, thus protected, 
lietween the poles of a strong galvanic battery, it is converted into 
coke or graphite ; heated to whiteness in a vessel of oxygen, it 
burns with facility, yielding carbonic acid gas. 


Fig. 95. 



The diamond is the hardest substance known : it admits of being 
split or cloven without difficulty in certain particular directions, 
but can only be cut or abraded by a second portion of the same 
material ; the powder rubbed off in this process serves for polishing 
the new faces, and is also highly useful to the lapidary and seal- 
engraver. One very curious and useful application of the diamond 
is made by the glazier : a fragment of this mineral, like a bit of 
flint, or any other hard substance, scratches the surface of the glass ; 
a crystal of diamond, having the rounded octohedral figure spoken 
of, held in one particular position on the glass — ^namely, with an 
edge formed by the meeting of two mljacent faces presented to the 
surface — and then drawn along with gentle pressure, causes a split 
or cut, which penetrates to a considerable depth into the glass, and 
determines its fracture with perfect certainty. 

Graphite or plumbago appears to consist essentially of pure 
carbon, although most specimens contain iron, the quantity of 
which varies from a mere trace up to five per cent. Graphite is a 
somewhat rare mineral; the finest and mostiraluable for pencils 
was formerly obtained from Borrowdalt, in Cumberland, where a 
kind of irregular vein is found traversing the ancient slate beds of 
that district, but the mine is now nearly exhausted. Large quan- 
tities of graphite are imported from Germany, the East Indies, 
and the United States.* Crystals are not common : when they 

* The graphite which can he directly cut for pencils occurring only in 
limited quantity, powdered graphite, obtained from the inferior varieties of 
the mineral, is now frequently consolidated for this purpose. The mecha- 
nical division of graphite presents considerable difficulties, which may be 
entirely obviated by adopting a chemical process suggested by Sir Benjamin 
Brodie, applicable, however, only to certain varieties, such as Ceylon 
and Siberian graphite. This process consists in introducing the coarsely 
powdered graphite, previously mixed with of its weight of potassium 
* chlorate, into 2 parts of concentrated sulphuric acid, which is heated in a 
water-bath until the evolution of acid fumes ceases. The acid is then 
removed by water, and the graphite dried. Thus prepared, this substance, 
when heated to a temperature approaching a red-heat, swells up to a bulky 
mass of finely divided graphite. 
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Lamp-black, the soot produced by the imperfect combustion of 
oil or resin, is the best example that can be given of carbon in its 
wncrystallised or . amorphous state. To the same class belong the 
different kinds of charcoal. That prepared from wood, either by 
distillation in a large iron retort, or by the smothered combustion 
of a pile of faggots partially covered with earth, is the most valu- 
able as fuel. Coke, the charcoal of pit-coal, is much more impure ; 
it contains a large quantity of earthy matter, and very often sulphur, 
the quality depending very much ui)on the mode of preparation. 
Charcoal from l)ones and animal matters in general is a very valu- 
able substance, on account of the extraordinary power it possesses 


of removing colouring matters from organic solutions ; it is used 
for this purpose by the sugar-refiners to a very great extent, and 
also by the manufacUuing and scientific chemist. The property 
in question is possessed by all kinds of charcoal in a small 


degree. 

Charcoal made from box, or other dense wood, has the property 
of condensing gases and vapours into its pores ; of ammoniacal gas 
it is said to absorb not less than ninety times its volume, while of 


hydrogen it takes up less than twice its own bulk, the quantity 
being apparently connected with the property in the gas of suffer- 
ing liquefaction. This property of absorbing gases, as well as the 
decolorising power, no doubt depends in some way upon the same 
peculiar action of surface so remarkable in the case of platinum in 
a mixture of oxygdiL and hydrogen. The absorlnng power is, 
indeed, considerably increafcie<l by saturating charcoal with solution 
of platinum, and subsequently igniting it, so as to coat the charcoal 
with a thin film of platinum. I)r. Stenhouse, who suggested this 
plan, finds that the gases thus absorbed undergo a kind of oxid- 
ation within the pores of the charcoal. 


Compounds of Carbon and Oxygen. 

There are two direct inorganic compounds of carbon and oxygen, 
called carbon monoxide and carbon dioxide; their composition 
may be thus stated : 

By weight. 

Carbon. Oxygen. 

Carbon monoxide, CO . 12 16 

Carbon dioxide, CO 2 . . 12 32 
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Carbon Dioxide, or Carbonic Oxide (conunonly called Ca / r - 
bonic Aci^y is always produced when charcoal bums in air or 
oxygen gas: it is most conveniently obtained, however, by de- 
composing a carbonate with one of the stronger acids. For this 
purpose the apparatus for generating hydrogen may again be em- 
ployed : fragments of marble are put into the bottle with enough 
water to cover the extremity of the funnel-tube, and hydrochloric 
or nitric acid is added by the lattei until the gas is freely disen- 
gaged. Chalk-powder and dilute sulphuric acid may be used 
instead. The gas may be collected over water, although with 
some loss ; or very conveniently by displacement, if it be required 
dry, as shown in fig. 96. The long drying-tube is filled with 
fragments of calcium chloride, and the heavy gas is conducted to 
the bottom of the vessel in which it is to be received, the mouth 
of the latter being lightly closed.* 

Carbon dioxide is a colourless gas ; it has an agreeable pungent 
tastr. anrl odour, but cannot be respired for a minute without insen- 
sibility following. Its specific gravity is 1 *524 ; a litre weighing 
1*96664 grams, and 100 cubic inches weighing 47*26 grains. 

This gas is very hi^Hful to annual life, even when largely diluted 
with air ; it acts as a narcotic poison. Hence the danger arising 
from imperfect ventilation, the use of fire-places and stoves of all 
kinds unprovided with proper chimneys, and the crowding together 



of many individuals in houses and ships without efficient means 
for renewing the air : for carbon dioxide is constantly disengaged 
during the process of respiration, which, as we have seen ^p. 115), 
is nothing but a process of slow combustion. This gas is some- 

♦ In connecting tube-apparatus for conveying gases or cold liquids, not 
corrosive, tubes of vulcanised caoutchouc, which are now articles of com- 
merce, are very serviceable. Glass tubes are easily bent in the flame of .a 
spirit-lamj), and, when necessary, cut by scratching with a file and broken 
asunder. 

L 
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times emitted in large quantity from the earth in volcanic districts, 
and it is constantly generated where oi^^anic matter is in the 
act of undergoing fermentive decomposition. The fatal ^‘after- 
damp” of the coal-mines contains a large proportion of carbon 
dioxide. 

A lighted taper jdunged into carbon dioxide is instantly extin- 
guished even to the red-hot snuff. The gas, when diluted with 
three times its volume of air, stiU retains the power of extinguish- 
ing a light. It is easily distinguished from nitrogen, which is also 
incapable of supporting combustion, by its rapid absorption by 
caustic alkali, or by lime-water ; the turbidity communicated to 
the latter from the production of insoluble cmcium carbonate is 
very characteristic. 

Cold water dissolves about its own volume of carbon dioxide, 
whatever he the density of the gas with which it is in contact 
(comp. p. 142) ; the solution temporarily reddens litmus paper. 
In common soda-water, and in effervescent wines, examples may 
be seen of the solubility of the gas. Even boiling water absorbs 
a perceptible quantity. 

Some of the interesting phenomena attending the liquefaction of 
carbon dioxide have been already described:. it requires for the 
purpose a pressure of 38 ’5 atmospheres at 0®. The liquefied oxide 
IS colourless and limpid, lighter than water, and four times more 
expansible than air ; it mixes in all proportions with ether, 
alcohol, naphtha, oil of turpentine, and carbon disulphide, and 
is insoluble in water and fat oils. In this condition it does not 
exhibit any of the properties of an acid. 

Carbon dioxide exists, as already mentioned, in the air : rela- 
tively its quantity is hut small; hut absolutely, taking into 
account the vast extent of the atmosphere, it is very great, and 
fully adequate to the purpose for which it is desijgned — namely, to 
supply to plants their carbon, these latter having the power, by 
the aid of their green leaves, of decomposing carbon dioxide, 
retaining the carbon, and e^elling the oxygen. The presence of 
light is essential to this effect, but of the manner in which it is 
produced we are yet ignorant. 

The carbonates form a very large and important group of 
salts, some of which occur in nature in great quantities, as the 
carbonates of calcium and magnesium. They contain the elements 
of carbon dioxide and a metallic oxide : calcium carbonate, for 
example, being composed of 56 parts of calcium oxide or lime, and 
44 parts by weight of carbon dioxide, or of 40 calcium, 12 carbon j 
and 48 oxygen, a composition which is represented by the formula 
CaO. CO 2 or CaCO^ ; but they are never formed by the direct union 
of dry carbon dioxide with a dry metallic oxide, the intervention 
of water being always required to bring about the combination. 
Potassium carbonate (peariash) is the chief constituent of wood- 
ashes ; sodium carbonate is contained in the ashes of marine 
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plants, and is manufactured on a very large scale by beating 
^sodium sulphate with lime and coal. These Carbonates are soluble 
in water. The other metallic carbonates, which are insoluble, 
may be formed by mixing a solution of potassium or sodium car- 
bonate with a soluble metallic salt ; thus, when solutions of lead 
nitrate and sodium carbonate are mixed together, the lead and 
sodium change places, forming sodium nitrate, which remains dis- 
solved, and lead carbonate, which, being insoluble in water, is 
precipitated in the form of a white powder : PWNOo)® + Na-COo =» 
SNaNO^-hPbOOg. 

This IS an example of double decorryposition^ the most freqhent of 
all forms of chemical action. 

The solution of carbon dioxide in water may be supposed to 
contain hydrogen carbonate or carbonic acid, consisting of 
2 parts by weight of hydrogen, 12 carbon, and 48 oxygen, and 
represented by the formula HgCOg or HgO.COg, but tliis com- 
pou?id is not known in the separate state, only in aqueous solu- 
tion. 

Carbon Monoxide, or Carbonous Oxide (commonly called 
Carbonic Oxide ). — When carbon dioxide is passed over md-hot 
charcoal or metallic iron, one-half of its oxygen is removed, and it 
becomes converted into carbon monoxide. A very good method 
of preparing this gas is to introduce into a flask fitted with a bent 
tube some crystallised oxalic acid (H2C2O4), and pour upon it five 
or six times as much strong oil of vitriol. On neating the mix- 
ture, the oxalic acid is resolved into water, carbon dioxide, and 
carbon monoxide, H2C2O4 = CO CO2 + HgO ; and by passing the 
gases through a strong solution of caustic potash, tne first is 
withdrawn by absorption, while the second remains unchanged. 
Another and, it may be, preferable method, is to heat finely pow- 
dered yellow potassium lerrocyanide with eight or ten times ita 
weight of concentrated sulphuric acid. The salt is entirely decom- 
posed, yielding a most copious supply of perfectly pure carbonous 
oxide gas, which may be collected over water in the usual manner. 
The reaction is represented by the equation — 

K4FeCeNe + GHgO + 6H2SO4 ^ 6CO + 2K2SO4 + 

Potassium ferro- Sulphuric Potassium 

cyanide. acid, sulphate. 

3(NH4)2S04 + FeS 04 . 

Ammonium Ferrous 

sulphate. sulphate. 

Carbon monoxide is a combustible gas ; it bums with a beauti- 
ful pale-blue flame, generating carbon dioxide. It has never been 
liquefied. It^is colourless, has very little odour, and is extremely 
poisonous — ^much more so than carbon dioxide. Mixed with 
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oxygen, it explodes by the electric spark, but with some difficulty. 
Its specific gravity Is 0*973; a litre weighs 1*2515 grams; 100 
cubic inches weigh 30*21 grains. 

The relation by volume of these oxides of carbon is as follows : — 
Carbon dioxide contains its own .volume of oxygen, that gas suffer- 
ing no change of bulk by its conversion. One measure of carbon 
monoxide, mixed with half a measure of oxygen and exploded, 
yields one measure of carbon dioxide: hence carbon monoxide 
contains half its volume of oxygen. 

Carbon monoxide unites with chlorine under the influence of 
light, forming a pungent, suffocating compound, possessing acid 
properties, called phosgene gas, or carbonyl chloride^ OOCL. It is 
made by mixing equal volumes of carbon monoxide and chlorine, 
both perfectly dry, and exposing the mixture to sunshine: the 
gases unite quietly, the colour disappears, and the volume becomes 
reduced to one-half. A more convenient method of preparing 
this gas consists in passing carbon monoxide through antimony 
pentachloride. It is decomposed by water. 


Compounds of Carbon and Hydrogen. 

The compounds of carbon and hydrogen already known are 
exceedingly numerous: perhaps all, in strictn'ess, belong to the 
domain of organic chemistry, as they cannot, except in very few 
cases, be formed by the direct union of their elements, but always 
arise from the decomposition of a complex body of organic origin. 
It will be found convenient, notwithstanding, to describe three of 
them in this part of the volume, as they very well illustrate the 
important subjects of combustion and the nature of flame. 

. Methane, or Marsh Gas ; Light Carburetted Hydrogen ; 
^ire-Damp, CH^. — This gas is but too often found to be abund- 
antly disengaged in coal mines from the fresh-cut surface of the 
coal, and from remarkable apertures or “ blowers,” which emit for 
a great length of time a copious stream or jet of gas, j^robably 
existing in a state of compression, pent up in the coal. 

When the mud at the bottom of pools in which water-plants 
grow is stirred, bubbles of gas escape, which may be easily 
collected'. This, on examination, is found to be chiefly a mixture 
of light carburetted hydrogen and carbon dioxide : the latter is 
easily absorbed by lime water or caustic potash. 

For a long time, no method was known by which the gas in 
question could be produced in a state approaching to purity by 
artificial means ; the various illuminating gases from pit-coal and 
oil, and that obtained by passing the vapour of alcohol through a 
red-hot tube, contain large quantities of light carburetted hydrogen, 
associated, however, with other substances which hardly admit of 
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Beparation ; but Dumas has discovered a method by wliich that 
gas can be produced perfectly pure^ and in any quantity. 

A mixture is made of 40 parts crystallised sodium acetate, 40 
parts solid sodium hydrate, and 60 parts quicklime in powder. 
This mixture is transferred to a flask or retort, and stronglylieated; 
the gas is disengaged in great abundance, and may be collected 
over water, while sodium carbonate remains behind. The reaction 
is represented by the equation — 

NaC 3 H 302 + NaHO = CH 4 + NagCOa 

Sodium Sodium Mursh Sodium 

acetate. hydrate, gas. carbonate. 

The use of the lime is merely to prevent the sodium hydrate from 
fusing and attacking the glass. 

Methane is a colourless and nearly inodorous gas, which does 
not affect vegetable colours. It bums with a yellow flame, gene- 
rating carbon dioxide and water. It is not poisonous, and may be 
respired to a great extent without apparent injury. The density 
of this compound is about 0'559, a litre weighing 0*71558 grams, 
and 100 cubic inches weighing 17*41 grains; it contains carbon 
and hydrogen associated in the projjortion of 12 parts by weight 
of the former to 4 of the latter. 

When 100 measures of this gas are mixed with 200 of pure 
oxygen in the eudiometer, and the mixture exploded by the elec- 
tric spark, 100 measures of gas remain, which are entirely absorb- 
able by a little solution of caustic potash. Now, carbon dioxide 
contains its owm volume of oxygen: hence one-half the oxygen 
added — that is, 100 measures — must have been consumed in unit- 
ing with the hydrogen. Consequently, the gas must contain tw’ice 
its own measure of hydrogen, and enough carbon to produce, when 
completely burned, an equal quantity of carbon dioxide. 

When chlorine is mixed with marsh gas over water, no change 
follows, provided light be excluded. The presence of light, how- 
ever, brings about decomposition, hydrochloric acid, carbon di- 
oxide, and other products, being formed. It is important to 
remember that this gas is not acted upon by chlorine in the dark. 

Ethene, or Olefiant Gas, C2H4. — Strong spirit of wine is 
mixed with five or six times its weight of oil of vitriol in a glass 
flask, the tube of which passes into a wash -bottle containing caustic 
potash. A second wash-bottle, partly filled with oil of vitriol, is 
connected with the first, and furnished with a tube dipping into 
the water of the pneumatic trough. On the first application of 
heat to the contents of the flask, alcohol, and afterwanls ether, 
make their appearance; but, as the temperature rises, and the 
mixture blackens, the ether-vapour diminishes in quantity, and its 
place becomes in great part supplied by a permanent inflammable 
gas ; carbon dioxide and sulphurous oxide are also generated at the 
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s^e time, besides traces of other products. The two last-men* 
tioned gases are absorbed by the alkali in the first bottle, and the 
eth^Tapour by the acid in the second, so that the olefiant gas is 
d^vered tolerably pure. The entire reaction is too complex to lie 
discussed at the present moment ; it will be found fully described 
in another pan of the volume ; but the ethene may be reganle<i 
as resulting from a simple dehydration of the alcohol by the oil of 
vitriol. 

CjH^O == CjH* + HgO 

AlcohoL Ethene. Water. 

Olefiant gas thus produced is colourless, neutral, and but slightly 
soluble in water. Alcohol, ether, oil of tiir[)entine, and even 
olive oil, dissolve it to a considerable extent. It has a faint 
odour of gai‘Iic. On the approach of a kindled taper it takes 
fire^ and bums with a splendid white light, far surpassing in 
brilliancy that produced by marsh gas. This gas, when mixed 
with oxygen and fired, explodes with extreme violence. Its density 
is 0*981 ; a litre weighs 1*25194 grams; 100 cubic inches weigh 
30*57 grains. 

By the use of the eudiometer, as already described, it has l^ecii 
found that each measure of ethene requires for comjdete combus- 
tion exactly three of oxygen, and |mxUice8 under these circum- 
stances two measures of carbon dioxide ; whence it is evident that 
it contains twice its o>vn volume of hydrogen combined with twice 
as much carlxin as in methane. 

By weight, these proportions will be 24 parts carlxui and 4 |>arts 
hydrogen. 

Ethene is decomposed by passing it through a tube heated to 
bright redness ; a deposit of cnarcoal and tar takes place, and the 
gas becomes convertetl into marsh gas, or even into tree liy dragon, 
if the temperature be very high. Tliis latter change is, of coui’se, 
attended by increase of volume. 

Chlorine acts upon ethene in a very remarkable manner. When 
the two bodies are mixed, even in the dark, they combine in equal 
measures, and give rise to a heavy oily liquid, of sweetish taste and 
ethereal odour, to which the name of ethene chloride, or Dutch 
liquid, CaH^Cl^ is given. It is from this peculiarity that the tenn 
olefiant gas is derived. 

A iileasing and instructive experiment may also be made by 
mixing in a tall jar two measures of chlorine and one of ethene, 
and then quickly applying a light to the mouth of the vessel. The 
chlorine and hydrogen unite with flame, which passes quickly 
down the jar, while the whole of the carbon is set free in the form 
of a thick black smoke. 

Ethine, or Acetylene, — This hydro-cathon is formed by 

the direct union of its elements. Hydrogen and carbon do not 
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combine at ordinary temperaturea, or even under tbe influence of 
the most intense heat; but when an electric arc from a very 
powerful voltaic battery is passed between carbon poles in a current 
of hydrogen, the carbon and hydrogen unite to form acetylene. 
This compound is carried forward b' the stream of hydrogen, and 
on passing the mixed gases into a solution of cuprous chloride, 
the acetylene is separated in the form of a red solid copper com- 
pound, which, when decomposed by hydrochloric acid, yiei^ pure 
acetylene. 

Acetylene is a colourless gas of specific gravity 0*92. It bums 
in the air with a bright smoky name, and, when mixed with 
chloride, detonates almost instantly, even in diffused daylight, with 
separation of carbon. 

Acetylene is one of the constituents of coal-gas, and is produced 
in the imperfect combustion of various bodies containing carbon 
aiiu hydrogen. The modes of formation, reactions, and deriva- 
tives of this compound will be further considered imder Organic 
Chemistry. 

Coal and Oil Oases. — The manufacture of coal gas is a branch 
of industry of great interest and importance in several points of view. 
The process is one of great simplicity of principle, but requires, in 
I>ractice, some delicacy in management to yield a mod result. 

When pit-coal is subjected to destructive distillation, a variety 
of products show themselves — permanent gases, steam, and volatile 
oils, besides a not inconsideinble Quantity of anmionia from the 
nitrogen always juesent in the coal. These substances vary very 
much in their proportions with the temperature at which the pro- 
cess is conducted, the permanent gases oecoming more abundant 
with increased heat, but, at the same time, losing much of their 
value for the purposes of illumination. 

The coal is distilled in cast-iron retorts, maintained at a bright- 
red heat, and the volatilised product is conducted into a long hori- 
zontal pipe of large dimensions, always half filled with liquid, into 
which the extreiui^ of each separate tube dips : this is called the 
hydraulic main. The gas and its accompanying vapours are next 
made to traverse a refrigerator — usually a series of iron pipes, 
cooled on the outside by a stream of water; here the condensation 
of the tar and the amiiioniacal liquid liecomes complete, and the 
gas proceeds onwards to another part of the apparatus, in which it 
IS deprived of the sulphuretted hydrogen and carbonic acid gases 
always present in the crude product. This was formerly^effected 
by#laked lime, which readily absorbs the compoimds in question. 
The use of lime, however, has been almost superseded by that of 
a mixture of sawdust and iron oxide. This mixture, after having 
been employed, is ex^iosed for some time to the atmosphere, and 
is then fit for use a second time. The purifiers are large iron 
vessels, filled either with slaked lime oJ* witii the iron oxide mix- 
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ture. The gas is admitted at the hottom of the vessel, and made 
to pass over a large surface of the purifying agents. The last ])art 
of the operation, which, indeed, is often omitted, consists in j)as.s- 
ing the gas through lUlute sulphuric acid, in onler to ivmove 
ammonia. The quantity thus sepaiiited is very small, relatively, 
to the bulk of the gas, but, in an extensive work, l>ecoines an object 
of importance, 

Coabgas thus manufactured and purified is preserved for use in 
immense cylindrical receivers, closea at the top, suspended in tanks . 
of water by chains to which counterpoises are attacned, so that the 
gas-holders rise and sink in the liquid as they become filled from the 

e ’^lers or emptied by the inains. These latter are made of laige 
eter, to dimmish as much as possible the resistance e:^riencra 
by the gas in passing through such a length of pipe. The joints 
of these mains are still made in so imperfect a manner that im- 
mense loss is experienced by leakage when the pressure upon the 
gas exceeds that exerted by a column of water an inch in 
hemht.* 

&al-gas varies very much in composition, judging from its 
variable density and illuminatiim powers, and from the analyses 
which have been made. The difficulties of such investigations are 
very great, and imless particular precaution be taken, the res\ilts 
are merely approximative. The purified gas is l>elieved to contain 
the following substances, of which the first is the most abundant, 
and the second the most valuable : — 


Methane, or Marsh gas, 

Ethene, or Olefiant gas, 

E thine, or Acetylene, 

Hydrogen. 

Carbon Monoxide. 

Nitrogen. 

Vapoujv of volatile liquid Hydrocarhon8.f 
T^apour of Carbon Bisulphide. 

* It may give some idea of the extent of this species of maniifacttire, to 
mention that in the year 1838, for lighting Ijondon and the s^ibiirbs alone, 
there were eighteen public gas*worka, and £2,800,000 investeil in pijHis ancl 
apparatus. Tlie yearly revenue amounted to £450,000, and the consump- 
tion of coal in the same period to 180,000 tons, 1460 millions of cubic feet of 
gas being made in the year. There were 134,800 private lights, and 3t>,400 
street lamps. 890 tons of coals were used in the retorts in the space of 
twenty-four hours at tii id* winter, and 7,120,000 cubic feet of gas consumed 
in the longest night. — Ure^ Dictumary of Arts and Manufactures, 

Since that time, the production of gas has been enormously increflied. 
The amount of coal used in London for gas-niaking in the year ending June 
1852 is estimated at 408,000 tons, which on an average would yield about 
4C00 miliums of cubic feet of gas. In the year 1857 the mains in the 
London streets ha<l reached the extraordinary length of 2000 miles. 

t These bodies increase the illuminating power, and confer on the gas its 
peculiar odour. 
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Separated hy Condensation a7id hy the Purifiers. 

Tar and Volatile Oils. 

Annrioniiirn Sulphate, Chloride, and Sulphide. 

Hydrogen Sulphide. 

Carbon Dioxicfe. 

Hydrocyanic acid, or A^mlonium Cyanide. 

Sulphocyanic acid, or Ammonium Sulphocyanate. 

A far better illuminating gas may be prenared from oil, by 
dropping it into a red-hot iron retort filled witn coke ; the liquid 
is iu great part decomposed and converted into permanent 
wliich requires no purincation, as it is ^uite free from the ammonia^ 
cal and sulphur compounds which vitiate gas from coaL Many 
years ago this article was prepared in London ; it was compressed 
for the use of the consumer, into strong iron vessels, to the extent 
of 30 atmospheres ; these were fumimed with a screw- valve of 
peculiar construction, and exchanged for others when exhausted. 
The comparative high price of the material, and other circumstances, 
led to the abandonment of the undertaking. On the Continent, 
gas is now extensively prepared from wood. 

Combustionj and the Structtire of Flame. 

When any solid substance capable of bearing the fire is heated 
to a certain point, it emits light, the character of which depends 
upon the temperature. Thus, a bar of platinum or a piece of 
porcelain, raised to a particular temperature, becomes what is 
called red-hot, or emissive of nnl light : at a higher degree of heat, 
this light becomes whiter and more intense, and when urged to the 
utmost, as in the case of a piece of lime placed in the flame of the 
oxyhydrogen blow-])ipe, the light becomes exceedingly jwwerful, 
and accjuires a tint of violet. Bodies in these states are said to be 
incandescent or ignited. 

Again, if tlie same experiment be made on a piece of charcoal, 
similar effects will be observed ; but something in addition ; for 
whereas the platinum and porcelain, when removed from the fire, 
or the lime irojn the blow-pii>e flame, begin immediately to cool, 
and emit less and less light, until they become completely obscure, 
the charcoal maintains to a great extent its higli temperature. 
Unlike the other bodies, too, which suffer no change vrhatever, 
either of weight or substance, the charcoal gradually wastes away 
until it di«ipi)ear8. This is what is called conibustiony in contm- 
distinction to mere ignition ; the charcoal bums, and its temperature 
is kept up by the heat evolved in the act of union with the oxygen 
of the air. 

In the most general sense, a body in a state of combustion is one 
in the act of undergoing intense chemical action : any chemical 
action whatsoever, if its energy rise sufficiently high, may produce 
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the phenomenon of combustion^ by Ideating the body to such an 
extent that it becomes luminous. 

In all ordinary cases of combustion, the action lies between the 
burning body and the oxygen of the air ; and since the materials 
employed for the economical production of heat and light consist 
of carron chiefly, or that substance conjoined with a certain pro- 
portion of hydrogen and oxygen, all common effects of this nature 
are cases of tihte rapid and violent oxidation of carbon and hydrogen 
by the aid of the free oxyi^n of the air. The heatmust be refen^ 
to the act of chemical union, and the light to the elevated tern** 
perature. 

By this principle, it is easy to understand the means which must 
be Mopted to increase the heat of ordinary fires to the point 
necessary to melt refractory metals, and to bring about certain 
desired effects of chemical decomposition. If the rate of consump- 
tion of the fuel can be increased by a more rapid introduction of 
air into the burning mass, the intensity of the heat will of necessity 
rise in the same ratio, the quantity of heat evolved being fixed and 
definite for the same constant quantity of chemical action. This 
increased supply of air may be effected by two distinct methods : 
it may be forced into the fire by bellows or blowing-machines, as 
in the common forge and in the blast and cupola-furnaces of the 
iron- worker, or it may be drawn through the burning materials by 
the help of a tall chimney, the fireplace being closed on all sides, 
and no entrance of air allowed, save between the bars of the grate. 
Such is the kind of furnace generally employed by the scientific 
chemist in assaying and in the recluction of metallic oxides by 
charcoal : the principle will be at once understood by the aid of 
the sectional drawing (fig. 97), in which a crucible is represented 
arranged in the 6re for an operation of the kind mentioned. 

The ^^reverheratojry^^ furnace (fig. 98) is one very much used in 
tie arts when substances are to Iw exposed to heat without 
contact with the fuel. The fire-chamber is se]>uratcd from the lieil 
or hearth of the furnace by a low wall or bridge of bri<*,kwork, and 
the flame and heated air are reflected downwards by the arched 
form of the roof. Any degree of heat can he obtained in a furnace 
of this kind — from the teiiqierature of dull redness to that re(iuired 
to melt very large quantities of cast-iron. The fire is urged by a 
chimney provided with a sliding-plate, or darniHir, to regulate the 
draught. 

Solids and liqiiiils, as melted metal, possess, when sufficiently 
heated, the faciuty of emitting light : the same power is exhibited 
by gaseous bodies, but the temperature required to render a 
^ luminous is incomparably higher than in the cases already 
aescribed. Gas or vapour in this condition constitutes fiame^ the 
actual temperature of which generally exceeds that of the white 
heat of solid bodies. 

The light emitted from pure flame is often exceedingly feeble ; 
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but the Uluminating power may be immensely increased by the 
presence of solid matter. The name of hydrogen, or of the mixed 

g ases, is scarcely visible in full daylight ; in a dusb^ atmosphere, 
owever, it becomes much more luminoiu b^ igniting to intense 
whiteness the floating particles with which it comes in contact. 
The piece of lime in the blow-pipe flame cannot hare a higher 
temperature than that of the fl^e itself, yet the light it throws 
off is infinitely greater. ^ 

On the other hand, it is possible, as recently pointed out by Or. 
Franhland, to produce very bright flames in which no solid par- 

riff. 97. ng. SB. 




tides are present. Metallic arsenic burnt in a stream of oxygen 
produces an intense white flame, although lx)th the metal itself 
and the product of its combustion (arsenious oxide) are gaseous at 
the temjieTature of the flame. The combustion of a mixture of 
nitrogen dioxide and carbon bisulphide also produces a dazzling 
white flame, without any sejmration of solid msitter.^ 

The conditions most essential to luminosity in a flame are a 
high temperature, and the presence of gases or vapours of con- 
siderable density. The effect of high temperature is seen in the 
greater brightness of the flame of sulphur, phosphoras, and indeed 
all substances, when burnt in pure oxygen, as compare with that 
which results from their combustion in common air ; in the former 
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case the whole of the substances present take part in the combus- 
tion, and generate heat, whereas in the latter the teiuj)erature is 
lowered by the presence of a large quantity of nitrogen, which 
contributes nothing to the effect The relation between the 
luminosity of a flame and the vapour-densities of its constituents 
may be seen from the following table, in which the vapour-densi- 
ties are referred to that of hydrogen as unity. 


Jlelaiive Densities of Gases and Vapours, 


Hydrogen, ... 1 

'Water, .... 9 

Hydrochloric acid, ISJ 

Carbon dioxide, . . *22 

Sulphur dioxide, . . 82 


Arsenious chloride, . pO j 

Phos]>horic oxide, 71, or 142® 
Metallic arsenic, . .150 

Arsenious oxide, .198 


A* comparison of these numbers shows that the brightest flames 
are those which contain the densest vapours. Hydrogen burning 
in chlorine produces a vapour more than twice as heavy as that 
resulting from its combustion in oxygen, and accordingly the light 
produced in the former case is stronger than in the latter ; carbon 
and sulphur burning in oxygen produce vapours of still greater 
density, namely, carbon dioxide and sulphur dioxide, and their 
combustion gives a still brighter light ; lastly, phosphorus, which 
has a very dense vapour, and likewise yields a product of great 
vapour -density, burns in oxygen with a brilliancy which the eye 
can scarcely endure. Moreover, the luminosity of a flame is 
increased by condensing the surrounding gaseous atmosphere, and 
diminished by rarefying it. The flame of arsenic burning in oxy- 
gen may be rendered quite feeble by rarefying the oxygen ; and, 
on the contrary, the faint flame of an ordinary spirit-lamp becomes 
very bright when placed under the receiver of a condensing-pump. 
Frankland has also found that candles give much less light when 
burning on the top of the Mont Blanc than in the valley below, 
although the rate of combustion in the two cases is nearly the 
same. The effect of condensation in increasing the brightness of 
a flame is also strikingly seen in the combustion of a mixture of 
oxygen and hydrogen, which gives but a feeble light when burnt 
under the ordinary atmospheric pressure, as in the oxy-hydrogen 
blow-pipe, but a very bright flasn when exploded in the Caven- 
dish eudiometer (p. 134), in which the water-vapour produced by 
the combustion is prevented from expanding. 

Flames burning in the air, and not supplied with oxygen from 
mother source, are, as already stated, hollow, the chemical action 
leing necessarily confined to the spot where the two bodies unite, 
'’hat of a lamp or candle, when carefully examined, is seen to 
msist of three separate portions. The d a^ central part, easily 
mdered evident by depressing upon the 'flame sTpiece of fine 
ire-gauze, consists of combustible matter drawn up oy the capil- 
rity of the wick, and volatilised by the heat. This is sur- 
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Fig. 99. 


rounded by a highly I rnninotiB cone o r envelope, which, in contact 
with a cold body, deposits soot. On the outside, a 
■ second cone is to be traced, feeble in its light-giving 
power, "ButTSaving an exceedingly high temperature. 

The most probable explanation of these appearances 
is as follows : — Carbon and hydrogen are very unequal 
in their attraction for oxygen, the latter greatly ex- 
ceeding the former in this respect . consequently, when 
both are present, and the supjily of oxygen is lunited, 
the hydrogen takes up the greater portion of the oxy- 
gen, to the exclusion of a great part of the carbon. 

Now, this happens, in the case under consideration, 
at some little distance within the outer surface of the 
flame — namely, in the luminous portion; the little 
oxygen which has penetrated thus far inwards is 
mostly consumed by the hydrogen, and hydro-carbons 
are separated, rich in carbon and of great density in the state of . 
vapour (naphthalene, chrysene, pyrene, &c.). These hydro- carbons, 
which would fonn smoke if they were cooler, and are deposited 
on a cold body held in the flame in the form 
of soot,* become intensely ignited by the 
burning hydrogen, and evolve a light whose 
whiteness marks a very elevated tempera- 
ture. In the exterior and scarcely visible 
cone, these hydro-carbons undergo combus- 
tion. 

A jet of coal-gas exhibits the same pheno- 
mena ; but, if the gas be previously mingled 
with air, or if air be forcibly mixed with, 
or driven into, the flame, no such separati(^ 
of carbon occurs; the hydrogen and carbon 
bum together^ forming vapours of much lower 
density, and the illuminating power almost 
disappears. 

The common mouth blow-pipe is a little 
instrument of great utility ; it is merely a 
brass tube fitted with an ivory mouth-piece, 
and terminated by a jet having a small aper- 
ture, by which a current of air is driven 
across the flame of a candle. The best form 
is jjerhaps that contrived by Mr. Pepvs, and 
shown in fig. 100. The flame so produced is 
very peculiar. 

Instead of the double envelope just de- 
scribed, two long pointed cones are observed (fig, 101), whicli, 
when the blow-pipe is good, and the aperture smooth and round, 
are very well denned, the outer cone being yellowish, and the 
* Soot is not pure carbon, but a mixture of heavy hydro-carbons. 




^ in fact, going by the blast 
in the inside^ and by the extemd ain ’The apace between the 
inner and outer cones is filled with exceedingly hot combustible 
matter, ]^s8es8ing strong reducing or deoxidising powers ; while 
the highly heated air Just beyond the point of the exterior cone 
oxidises with great facility. A small portion of matter, supported 
on a piece of charcoal, or fixed in a ring at the end of a fine plati- 
num wire, can thus in an instant be exposed to a very high degree 
of heat under these contrasted circumstances, and observations 
of great value made in a very short time. The use of the instru- 
ment requires an even and uninter- 
rupted blast of some duration, by 
a method easily acquired with a 
little patience: it consists in em- 
ploying for the purpose the muscles 
of the cheeks alone, respiration 
being conducted through the nos- 
trils, and the mouth from time to 
time replenished with air, without 
intermission of the blast. 

The Argand lamp, adapted to bum 
either oil or spirit, but especially 
the latter, is a very useful piece of 
chemical apparatus In this lamp the wick is cylindrical, the 
flame being supplied with air both inside and outside : the com- 
bustion is greatly aided by the chimney, which is made of copper 
when the lamp is used as a source of heat. 

Fig. 102 exhibits, in section, an excellent lamp of this kind for 
Fig. 102. Fig. 103. 

1 •f 


. Fig. 101. 




burning alcohol or wood-spirit. It is constructed of thin copper, 
and furnished with grouna caps to the wick-holder and aperture,* 
by which the spirit is introduced, in order to prevent loss when 
♦ When in nse, this aperture must always be open, otherwise an accident 
is sure to happen ; the heat expands the air in the lamp, and the spiiit is 
forced out in a state of inflammation. 
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the lamp is not in use. Glass spirit-lamps (fig. 103), fitted with 
caps to prevent evaporation, are very convenient for occasional 
use, being always ready and in order. 

In London, and other large towns where coal-gas is to be had, 
it is constantly used with the greatest economy and advantage in 
every respect as a source of heat. Retorts, 
flasks, capsules, and other vessels, c- n be thus 104. 

exposed to an easily regulated and mvariable 
temperature for many successive hours. Small 
platinum crucibles may be ignited to redness 
by placing them over the name on a little 
wire triangle. The arrangement shown in 
fig. 104, consisting of a common Argand gas- 
burner fixed on a heavy and low foot, and 
connected with a flexible tube of caoutchouc 
or o1 her material, is very convenient. 

A higher temperature, and perfectly smoke- 
less flame, is, however, obtained by burning 
the gas previously mixed with air. Such a 
flame is easily produced by placing a cap of 
wire-gauze on the chimney of the Argand burner just described, 
and setting fire to the gas above the wire-gauze. The flame does 
not penetrate below, but the gas in passing up the chimney l>ecomes 
mixed with air, and this mixture bums above the cap with a blue, 
smokeless flame. 

Another kind of burner for producing a smokeless flame has 
been -contrived by Professor Bunsen, and 
is now very generally used in chemical 105. 

laboratories. In this burner (fig. 105) 
the gas, supplied by a flexible tube 
passes through a set of small holes into 
the box at a, in which it mixes with 
atmospheric air entering freely by a 
number of holes near the top of the box. 

The gaseous mixture p^isses up the tube 
6, and is inflamed at the top, where it 
bums with a tall, blue, smokeless flame^ 
mving very little light, but much heat. 

JBy airanging two or more such tubes, together with an air-box 
containing a sufficient number of holes, a very powerful burner 
mw be constructed. 

Considerable improvements in this fomi of burner haveiibeen 
made by Mr, Griffin, who has also constmeted, on the same prin- 
ciple, powerful gas-furnaces, affording heat sufficient for the decom- 
position of silicates, and the fusion of consideraMe quantities of 
copper or iron.* The principle of burning a mixture of gas &i^d 

* See the article on Gas-bamers and Furnaces in Watts’s Dictionary 
of Chemistry/^ ii, 782, 
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air is also applied in Hofmann^s gas-furnace for organic analysis, 
which will he described under Organic Chemistry. 

The kindling-point, or temperature at which combustion com- 
mences, is very different with different substances ; phosphorus 
will sometimes take fire in the hand ; sulphur requhes a tempera- 
ture exceeding that of boiling water ; charcoal must be heated to 
redness. Among gaseous bodies the same fact is observed : hydro- 
gen is inflamed by a red-hot wire ; light carburetted hydrogen 
requires a white heat to effect the' same thing. When flame is 
cooled by any means below the temperature at which the rapid 
oxidation of the combustible gas occurs, it is at once extinguished. 

S on this depends the principle of Sir H. Davy’s invaluable 
ity-lamp. 

Mention has already been made of the frequent disengagement 
of great quantities of light carburetted hydrogen gas in coal mines. 
This gas, mixed with seven or eight times its volume of atmo- 
spheric air, becomes highly explosive, taking fire at a light and 
burning with a pale-blue flame ; and many fearful accidents nave 
occurred from the ignition of laige quantities of mixed gas and air 
occupying the extensive galleries and workings of a mine. Sir H. 
Davy undertook an investigation with a view to discover some 
remedy for this constantly occurring calamity: his labours re- 
sulted ,in some exceedingly important discoveries respecting 
flame, which led to the construction of the lamp which bears 
his name. 

Fig. 106 . When two vessels filled with a gaseous explo- 

sive mixture are connected by a narrow tul^e, and 
the contents of one fired by the electric spark, or 
otherwise, the flame is not communicated to the 
other, provided the diameter of the tube, its 
length, and the conducting power for beat of its 
material, bear a certain proportion to each other ; 
the flame is extinguished by cooling, and its trans- 
mission rendered impossible. 

In this experiment, high conducting power and 
diminished diameter compensate for diminution 
in length ; and to such an extent can this lie car- 
ried, that metallic gauze, which may be looked 
iijnm as a series of veiy short square tubes ar- 
mnged side by side, when of sufficient degree of 
fineness, arrests in the most coniplet^j manner the 
jjiiss/ige of flame in explosive mixtures depending 
ujM>n the inflammability of the gas. Now tlu* 
fire-damp mixture has an exceedingly high kind- 
; a ted heat does not cause inflamma- 
^tion ; conseciucntly, the gauze will V>e safe for this 
subetance, when flame would pass in almost any other ca.se. 

The minei^a safety-lamp is merely an ordinary oil-lamp, the 
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flame of wMch is enclosed in a cage of wire-ganze, made double 
at the part, containing about 400 apertures to the square 

inch. The tube for supplying oil to the reservoir reaches nearly 
to the bottom of the latter, while the wick admits of being 
trimmed by a bent wire passing with friction through a small 
tube in the body of the lamp ; the flame can thus be kept burning 
for any length of time, witnout the necesssity of unscrewing the 
cage. When this lamp is taken hito an explosive atmosphere, 
although the fire-damp may burn within the cage with such energy 
as sometimes to heat the metallic tissue to dull redness, the flame 
is not communicated to the mixture on the outside. 

These effects may be conveniently studied by suspending the 
lamp in a large glass jar, and graduallv admitting cod-gas below. 
The oil-flame is at first elongated, and then, as the proportion of 
gas increases, extinguished, while the interior of the gauze cylinder 
becomes filled with the burnir;^ mixture of gas and air. As the 
atmosphere becomes purer, the wick is once more relighted. 
These appearances are so remarkable that the lamp becomes an ad- 
mirable indicator of the state of the air in different parts of the mine.* 

The same great principle has been ingeniously applied by Mr. 
Hemming to the construction of the oxy- 
hydrogen safety-jet before mentioned. This Fiff* 107. 

is a tube of brass about four inches long, filled 
with straight pieces of fine brass wire, the 
whole being tightly wedged together by a 
pointed rod, forcibly driven into the centre 
of the bundle. The arrangement thus pre- 
sents a series of metallic tiibes, very long in 
proportion to their diameter, the cooling 
powers of which are so great as to prevent 
the possibility of the passage of flame, even 
with oxygen and hydrogen. The jet may be 
used, as before mentioned, with a common 
bladder, without the chance of explosion. 

The fundamental fact of flame heing extin- 
guished by contact with a cold body, may be 
elegantly shown by twisting a copper wire 
into a short spiral, about OT inch in diiuneter, 
and then passing it cold over the flame of a 
wax candle; the latter is extiiiguishe^l. If 
the spiral 1x5 now heated to redness by a 
spiritdanip, and the exjH^riment repeated, no such effect follows. 

• Tliis is the true use of the lamp, namely, to permit the viewer or 
superintendent, without risk to himself, to examine tne state of the air in 
every part of the mine ; not to enable workmen to continue their labours 
in an atmosphere habitually explosive, which must he unfit for human 
respiration, although the evil efiects may bo slow to appear. Owners of 
coal-juines should be compeUed either to adopt efficient means of rentila- 
tion, or to close workings of this dangerous character altogether. 

M 
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Cova^pomd of Carbon and Nitrogen. Cyanogen. 

When a stream of air is passed over a miziore of charcocd and 
potaasimn carbonate kept at a bright red heat, the nitrogen of the air 
unites vdth the carbon and the potassium, forminga compound called 
potsuBsium cyanide, containing 39 parts of potassium, 12 of carbon, 
and 14 of nitrc^en, and represented by the formula KCN. It is 
a crystalline salt, which dissolves easily in water, and decomposes 
mercuric oxide, forming potassium hydrate and mercuric cyanide : 

2KCN 4- HjO + HgO = 2KHO + HgCgNg 

Pot&Bstnin Mercuric Potasglnm Mercuric 

cyanide. na er. oxide. hydrate. cyanide. 

Now, when dry mercuric cyanide, which is a white crystalline 
substance, is strongly heated in a glass tube, fitted up like that 
used for the evolution of oxygen from mercuric oxide (p. 110), it 
splits up, like the oxide, into metallic mercury, and a g* seous 
body called cyanogen, coutainifig 12 parts by weight of carbon 
and 14 of nitrogen, and represented by the formula ON. It must 
be collected over inercuiy, as it is rapidly absorbed by water. 

Cyanogen is a colourless gas, having a pungent and very 
peculiar odour, remotely resembling that of peach-kernels: exposed 
while at the temperature of 45*^ F. (7*2° C.) to a pressure of 
3*6 atmospheres, it condenses to a thin, colourless, transparent 
liquid. It is inflammable, and bums with a beautiful purple or 
blossom -coloured flame, generating carbon dioxide and 
liberating nitroeen. Its specific gravi^ is 1*801 referred to air, or 
26 reter^ to hydrogen as unity. One volume of it exploded 
with 2 vols. oxygen, yields 1 voh nitrogenr and 2 vols. carbon 
dioxide. Now, the weights of equal volumes of cyanogen, nitro- 
gen, and carhon dioxide are as 26 : 14 ; 22. Consequentljr, 26 parts 
by weight of cyanogen yield by combustion 14 parts of nitrogen 
and 44 parts of caAon dioxide, containing 12 parts of carbon ; or 
26 cyanogen = 12 carbon -f- 14 nitrogen. 

Water dissolves 4 or 5 times its volume of cyanogen gas, and 
alcohol a much larger quantity : the solution rapidly decomposes, 
yielding ammonium-oxalate, a brown insoluble matter, and other 
products. 

Cyanogen unites- (though not directly) with hydrogen, forming 
the very poisonous compound called hydrocyanic or prussic 
acid; and with metals, forming compounds called cyanides, 
analogous in composition and Character to the chlorides, iodides, 
bromides, &c. In short, this group of elements, represent^ by the 
formula CN, combines with elementary bodies, and is capable of 
passing from one state of combination to anothei, just as if it were 
itself an elementary body. Such a group of elemente is called a 
compound radical. We have already had occasion to notice 
another such group, viz., ammonium, NH4. Cyanogen, however, 
is analogous in its chemical relations to the non-metmlic elements, 
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chlorine, bromine, oxygen, &c, j whereas ammonitun is a quasi- 
metal analogous to potassium, 

The compounds of cyanogen will /be further considered under 
the head oi OigSnic Chemistry* it 

OHLOBIITE. 

Atomic weight, 85*5 ; symbol, CL 

This substance is a member of a very important natural group, 
containing also iodine, bromine, and fluorme. So ^eat a degree 
of resemblance exists between these bodies in all their chemical 
relations, especially between chlorine, bromine, and iodine, that 
the hiotoiy of one will almost serve, with a few little alterations, 
for that of the rest. 

Chlorine* is a very abundant substance: in common salt it 
exists in combination with sodium. It is most easily prepared by 
pouring strong hydrochloric acid upon finely powdered black oxide 
of manganese (MnOg), contained in a retort or flask (fig. 108), and 
applying a gentle heat ; a heavy yellow gas is disengaged, which 
is the substance in question. 

It may be collected over warm water, or by displacement : the 
mercurial trough cannot be employed, as the chlonne rapidly acts 
upon the metal, and becomes absorbed 

The reaction consists in an interchange between the 2 atoms of 
oxygen of the manganese dioxide and 4 atoms of chlorine from the 
hydrochloric acid, the oxygen uniting with the hydrogen to form 
water, while, of the (ftdorine, one-hali unites with the manganese, 
forming a chloride, MnClg, and the other half is given oflf as gas : 

MnOg + 4HC1 = 2 H 2 O + MnClg + Cl^. 

Chlorine was discovered by Scheele in 1774, but its nature was 
long misunderstood. It is a yellow gaseous body, of intolerably 
suffocating properties, producing very violent cough and irritation 
when inhaled even in exceedingly small quantity. It is soluble 
to a considerable extent in water, that liquid absorbing at 16‘6® 
about twice its volume, and acquiring the colour and odour of 
the gas. When this solution is exposed to light, it is slowly 
changed, by decomposition of water, into hydrochloric acid, the 
oxygen being at the same time liberated. When moist chlorine 
gas is exposed to a cold of 0®, yellow ciystals are formed, which 
consist ot a definite compound of chlorin§ and water, containing 
36'5 parts of the former to 90 of the latter. 

Chlorine has a specific gravity of 2*47 ; a litre of it weighs 
3*17344 grams ; exposed to a pressure of about four atmospheres, 
it condenses to a yellow limpid liquid. 

Chlorine has but little attraction for oxygen, its chemical 

♦ From yXoipoi, yellowish-green, the name given to it by Sir Davy. 
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^ euemes being principally exerted towards hydrogen and the 
^ inet&. A lighted taper plunged into the gas, continues to bum 
with a dull -red light, and emits a large 
quantity of smoke, the hydrogen of the wax 
being alone consumed, and the carbon separ- 
ated. If a piece of paper be wetted with oil 
of turpentine, and thrust into a bottle filled 
with chlorine, the chemical action of the 
latter upon the hydrogen is so violent as to 
cause innammation, accompanied by a copious 
deposit of soot. Chlorine may, by indirect 
means, be made to combine with carbon; but 
this combination never occurs under the cir- 
cumstances described. 

Phosphorus takes fire spontaneously in 
chlorine, burning with a pale and feebly 
luminous flame. Several of the metals, as 
copper leaf, powdered antimony, and arsenic, 
undergo combustion in the same manner. A 
mixture of equal measures of chlorine and 
hydrogen explodes with violence on the pas- 
sage of an electric spark, or on the applica- 
tion of a lighted taper, hydrochloric acid gas 
being formed. Such a mixture may be re- 
tained in thgj^dark for any length of time 
without change : exposed to diffus^aylight, the two gases slowly 
unite, while the direct rays of the sun |nduce instantaneous 
explosion. 

The most characteristic property of chlorine is its bleaching 

S ower ; the most stable organic colouring principles are instantly 
ecomposed and destroyed by this remarKable agent : indigo, for 
example, which resists the action of strong oil of vitriol, is con- 
verted by chlorine into a brownish substance, to which the blue 
j colour cannot be restored. The presence of water is essential to 
I these changes, for the gas in a state of perfect dryness is incapable 
I even of affecting litmus. 

Chlorine is largely used in the arts for bleaching linen and 
cotton goods, rags for the manufacture of paper, &c. For these 
purposes, it is employed, sometimes in the state of gas, sometimes 
m that of solution in water, but more frequently in combination 
with lime, forming the substance called bleaching-powder. When 
required in large quantities, it is often made by pouring slightly 
diluted sulphuric acid upon a mixture of common salt (sodium 
chloride, NaCl) and manganese oxide contained in a large leaden 
vessel. The products of the reaction are water, sodium sulphate, 
manganese sulphate, and free chlorine : 

MnO^ + 2NaCl + « 211 -1- Na^SO^ + MnSO^ -J- Clg . 
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Chlorine is one of the hest and most potent substances that can 
be used for tiie purpose of disinfection, but its employment 
requires care. Bleaching-powder mixed with water, and exposed 
to the air in shallow vessSs, becomes slowly decomposed by the 
carbonic acid of the atmosphere, and the chlorine is evolved : if a 
more rapid disengagement be wished, a little acid of any kind may 
be added. In me absence of bleaching-powder, eitner of the 
methods for the production of the gas described may be had 
recourse to, always taking care to avoid an excess of acii 

Hydrogen Chloride ; Hydrochloric, Chlorhydric, or 
Muriatic Acid (HCl). — ^This substance, in a state of solution in 
water, has been long known. The gas is prepared with the utmost 
ease by h^^ating, in a flask fitted with a cork and bent tube, a 
mixtuie of common salt and oil of vitriol diluted with a small 
quantity of water ; it must be. collected by displacement, or over 
mercury. It is a colourless gas, which fumes strongly in the air 
from condensing the atmospieric moisture ; it has an acid, suffo- 
cating odour, but is much less offensive than chlorine. Exposed 
to a pressure of 40 atmospheres, it liquefies. 

Hydrochloric acid gas has a density of 1*269 compared with air, 
or 18*26 compared with hydrogen as unity. It is exceedingly 
soluble in water, that liq^uid talSng up at the temperature of the 
air about 418 times its bulk. The gas and solution are powerfully 
acid. 

The action of sulphuric acid on common salt, or any analogous 
substance, is explaiqpd by the equation, 

2NaCl + H2SO4 = NaaSO^ + 2HC1. 

The composition of hydrochloric acid may be determined by 
synthesis : when a measure of chlorine and a measure of hydrogen 
are fired by the electric spark, two measures of hydrochloric acid 
gas result, the combination being imattended by change of 
volume. By weight it contains 36*5 parts of chlorine and 1 part 
of hydrogen. 

Solution of hydrochloric acid, the liquid acid of commerce, 
is a very important preparation, and of extensive use in chemi- 
cal pursuits : it is best prepared by the following arrange- 
ment : — 

A large glass flask, containing a quantity of common salt, is 
fitted with a cork and bent tube, in the manner represented in 
fig, 109 : this tube passes through and below a second short tube 
into a wide-necked bottle, confining a little water, into which 
the open tube dips. A bent tube is adapted to another hole in 
the cork of the wash-bottle, so as to convey the purified gas into 
a quantity of distilled water, by which it is instantly 'absorbed : 
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the joints are made air-tight by melting a little yellow wax oter 
the corks. 

A quantity of sulphuric acid, about equal in weight to the salt, 
is then slowly introduced by the funnel ; the disengaged gas is at 
first wholly absorbed by the water in the wash-bottle, but when 
this becomes saturated, it passes into the second vessel, and there 
dissolves. When all the acid has been added, heat may be applied 
to the flask by a charcoal chauflfer, until its contents appear nearly 
dry, and the evolution of gas almost ceases, when the process may 
be stopped. As much heat is given out during the condensation 
of the gas, it is necessary to surround the condensing vessel with 
cold water. 



The simple wash-bottle, shown in the last figure, will be found 
an exceedingly- useful contrivance in a great number of chemical 
operations. It serves in the present, and in many similar cases, 
to retain any liquid or solid matter mechanically carried over with 
the gas, and it may be always employed when a gas of any kind 
is to be passed through an alkaline or other solution. The open 
tute dipping into the liquid prevents the possibility of absorption, 
by which a partial vacuum would be occasioned, and the liquid of 
the second vessel lost by being driven into the first. 
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The arrangement by which the acid is introduced also deserves 
a moment’s notice. The tube is bent twice upon itself, 
and a bulb blown in one portion : the liquid poured into ^ig. lio, 
the funnel rises upon the op]^site side of the first bend W 
until it reaches the secon4 ; it then flows over and runs into Y 
the flask. Any quantity can then be got into the latter | 
without the introduction of air, and without the escape of | 

gas from the interior. The funnei acts also as a kind of I 

safety-valve, and in both directions ; for if by any chance | 
the delivery tube should be stopped, and the issue of gas 
prevented, its increased elastic force soon drives the little pi 
column of liquid out of the tube, the gas escaj^s, and the 
vessel is saved. On the other hand, any absorption 
within is quickly compensated by the entrance of air ^ 

through the liquid in the bulb. | 

The plan employed on the large scale by the manu- | 

facturer is the same in principle as that described; he | 

merely substitutes a large iron cylinder, or apparatus | 

made of lead, for the fliisk, and vessels of stoneware for 
those of glass. 

On distilling an aqueous solution of hydrochloric acid, an acid 
is produced boiling at 110° which contains 20*22 per cent, of 
anhydrous hydrochloric acid : a more concegatrated solution when 
heated gives off hydrochloric acid gas ; a weaker solution loses 
water. Roscoe and Dittmar have proved that the composition of 
the distillate varies with the atmospheric pressure ; it cannot, 
therefore, be viewed as a chemical compound. 

Pure solution of hydrochloric acid is transparent and colourless : 
when strong it fumes in the air by evolving a little gas. It leaves 
no residue on evaporation, and gives no precipitate or opacity with 
diluted solution of barium chloride. When saturated with the 
gas, it has a specific gravity of 1*21, and contains about 42 per 
cent, of real acid. The commercial acid, which is obtained in 
immense quantity as a secondary product in the manufacture of 
sodium sulphate by the action of sulphuric acid ui3on common 
salt, has usually a yellow colour, and is very impure, containing 
salts, sulphuric acid, chloride of iron, and organic matter. It may 
be rendered sufficiently pure for most pmposes by diluting it to 
the density of 1*1, which happens w^hen tne strong acid is mixed 
with its own bulk or rather less of water, and then distilling it in a 
retort furnished with a Liebig’s condenser. 

A mixture of nitric and hydrochloric acids'has long been known 
under the name of aqua regia, from its property of dissolving gold. 
When these two substances are heated together, they; both undergo 
decomposition, nitrogen tetroxide and chlorine being evolved. 
This, at least, appears to be the final result of the action : at a 
certain stage, however, two peculiar, substances, consisting of m*tro- 
gen, oxygen, and chlorine (chloronitric acid gas, NOClg, and 
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chloronitrous gas, NOCl), appear to be formed. It is only the 
chlorine which attacks the metal. 

The presence of hydrochloric acid, or any other soluble chloride, 
is easily detected by solution of silver nitrate. A white curdy 
precipitate is produced, insoluble in nitric acid, freely soluble in 
anfmonia, ana subject to blacken by exposure to light. 

Oxides and Oocacids of Chlorine, 


There are four oxacids of chlorine, which may be regarded as 
oxides of hydrochloric acid ; thus — 

Composition by weight. 


Formula. 

hydrogen. 

Chlorine, 


Oxygen. 

Hydrochloric acid, HCl 

1 + 

35-5 



Hypochlorous acid, HCIO 
Chlorous acid, . HClOj 

1 + 

35-6 

+ 

16 

1 + 

35-5 

+ 

32 

Chloric acid, . . HClOa 
Perchloric acid, . HCIO4 

1 + 

35-5 

+ 

48 

1 + 

35-6 

+ 

64 


The anhydrous chlorine oxides corresponding to hypochlorous 
and chlorous acids are known, namely — 


Chlorine monoxide, or Hypo- 
chlorous oxide, CI2O, • . . 

Chlorine trioxide, or Chlorous 
oxide, CI2O3, 


Chlorine. Chlorine, Oxygen. 

35*6 + 36-5 + 16 

35-5 + 35-5 + 48 


Also an oxide to which there is no corresponding acid, namely — 


Chlorine. Oxygen. 

Chlorine tetroxide, C1^04 . . 2 x 35*5 + 64 


The oxides corresponding to chloric and perchloric acid have not 
been obtained. 

Hypochlorous and chloric acids are produced by the action of 
chlorine on certain metallic oxides in presence of water; hypo- 
chlorous and chlorous acids also by direct oxidation of hydrochloric 
acid. Perchloric acid and chlorine tetroxide result from the 
decomposition of chloric acid. 


Hypochloroub OxitllE, Acid, and Salts. — The oxide is best 
prepared by the action of chlorine gas upon dry mercuric oxide. 
This oxide, prepared by precipitation, and dried by exposure to a 
strong heat, is introduced into a glass tube kept cool, and well- 
washed dry chlorine gas is slowly passed over it. Mercuric 
chloride (IigCl^) and hypochlorous oxide are thereby formed ; the 
latter is collected by displacement. The reaction by which it is 
produced is represented by the equation, ,, 

2HgO + = CI 2 O + HgClj. ' ' 
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The mercuric chloride, however, does not remain as such; it 
* combines with another portion of the oxide when the latter is in 
excess, forming a peculiar brown compound, an oxychloride of 
mercury HgCl 2 .HgO. It is remarkable that the crystalline mer- 
curic oxide prepared by calcining the nitrate, or by the di^ct 
oxidation of the metal, is scarcely acted upon by chlorine under 
the circumstances described. 

Hypochlorous oxide is a pale-yelli. yV gaseous body, containing, in 
every two measures, two measures of chlorine and one of oxygen, 
and is therefore analogous in constitution to water. It explodes, 
although with no great violence, by slight elevation of tempera- 
ture. Its odour is peculiar, and quite different from that of 
chlorine. /When the flask or bottle in which the gas is received 
is exposed to artificial cold by the aid of a mixture of ice and salt, 
the hypochlorous oxide condenses to a deep-red liquid, slowly 
soluble in water, and very subject to explosion. 

Hypochlorous acid is produced by the solution of hypotlhlorous 
oxide in water : also by passing air saturated with hydrochloric 
acid gas through a solution of potassium permanganate acidulated 
with hydrochloric acid and heated in a water-bath : the distillate 
is a solution of hypochlorous acid, formed by oxidation of the 
hydrochloric acid; thirdly, by decomposing a metallic hypo- 
chlorite with sulphuric acid or other oxacid ; fourthly, by passing 
chlorine gas into water holding in suspension a solution contain- 
ing metallic oxides, hydrates, carbonates, sulphates, phosphates, 
&c., the most advantageous for the purpose being mercuric oxide, 
or calcium carbonate (chalk), CaCOg, the products in this case 
being carbon dioxide, calcium chloride, and nypochlorous acid : 

CaCOg + HgO -f CI 4 = CO 2 + CaClg -f 2HC10 . 

The aqueous solution of hypochlorous acid has a yellowish 
colour, an acid taste, and a characteristic sweetish smell. The 
siTong acid decomposes rapidly even when kept in ice. The 
dilute acid is more stable, but is decomposed by long boiling 
into chloric acid, water, chlorine, and oxygen. Hydrocmoric acid 
decomposes it, with formation of chlorine : 

HCIO + HCl == HgO Clg. 

It is a very powerful bleaching and oxidising agent, converting 
many of the elements — iodine, selenium, and arsenic, for example — 
into their highest oxides, and at the same time liberating chlorine. 

Metallic hypochlorites may be obtained in the pure state by 
neutralising hypochlorous acid with metallic hydrates, such as 
those of sodium, calcium, copper, &c. ; but they are^ usually pre- 
pared by passing chlorine gas into solutions of alkalis or alkaline 
carbonates, or over the dry hydrates of the earth metals. In ^is 
process a metallic chloride is formed at the same time. With dry 
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slaked lime, for example, which is a hydrate of calcium, CaH^Og, 
the products are calcium hypochlorite, CaCl202, calcium chloride, 
and water : 

^ SCaHjOa + Cl^ = CaClaOj + CaClg + SHgO . 

*S‘ 

The salts thus obtained constitute the bleaching and disinfecting 
salts of commerce. They will be more fully described under 'the 
head of Calcium Salts, 

Chlorous Oxide, Acid, and Salts. — The oxide is prepared 
by heating in a flask filled to the neck, a mixture of four parts of 
potassium chlorate and 3 parts of arsenious acid, or oxide, with 12 
parts of nitric acid previously diluted with 4 parts of water. 
During the operation, which must be performed in a water-bath, 
a greenish-yellow gas is evolved, which is permanent in a freezing 
mixture of ice and salt, but liquefiable by extreme cold. It dis- 
solves fPeely in water and in alkaline solutions, forming chlorous 
acid and metallic chlorites. The reaction by which chlorous oxide 
is formed is somewhat complicated. The arsenious acid deprives 
the nitric acid of part of its oxygen, reducing it to nitrous acid, 
which is then reoxidised at the expense of the chloric acid, reducing 
it to chlorous oxide : , 

HCIO3 + 2HNO2 = 2HNO3 + HgO + CI2O3. 

Cliloric NitrottH Nitric Chlorous 

acid. acid. acid. oxide. 

Chlorous Acid may be prepared by condensing chlorous oxide in 
water, or by decomposing a metaUic chlorite with dilute sulphuric 
or phosphoric acid. Its concentrated solution is a greenish-yellow 
liquid having strong bleaching and oxidising properties. It does 
not decompose carbonates, but acts strongly with caustic alkalies 
and earths to form chlorites. 

Chlorine Tetroxide, CI2O4. — When potassium chlorate is 
made into a paste with concentrated sulphuric acid, and cooled, 
and this paste is very cautiously heated by warm water in a small 
glass retort, a deep yellow gas is evolved, which is the body in 

a uestion ; it can be collected only by displacement, since mercury 
ecomposes and water absorbs it. 

Chlorine tetroxide has 0 powerful odour, quite different from 
that of the preceding compounds, and of chlorine itself. It is 
exceedingly explosive, being resolved with violence into its ele- 
ments by a temperature short of the boiling point of water. Its 
preparation is, therefore, always attended with danger, and should 
be performed only on a small scale. It is composetl by measure of 
one volume of chlorine and two volumes of oxygen, condensed into 
two volumes. It may be liquefied by cold. The solution of the 
gas in water bleaches. 
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The mchhrine of Davy, prepared by ^ntly heating potassium 
chlorate with dilute hydrochloric acid, is probably a mixture of 
chlorine tetroxide and free chlorine. 

The production of chlorine tetroxide from potassium chlorate 
and sulphuric acid depends upon the spontaneous splitting of the 
chloric acid into chlorine tetroxide and perchloric acid, which 
latter remains as a potassium salt. 

6KCIO3 + 3H2SO4 = 2 C 1 A + 2HCIO4 + 3K2SO4 + 2H2O . 

Potassium Hydrogen Hydrogen Potassium 

chlorate. sulphate. perchlorate. sulphate. 

When mixture of potassium chlorate and sugar is touched 
with a drop of oil of vitriol, it is instantly set on fire, the chlorine 
tetroxide disengaged being decomposed by the combustible sub- 
stance with such violence as to cjiuse inflammation. If crystals of 

} >otassium chlorate be thrown into a glass of water, a few small 
ragments of phosphorus added, and then oil of vitriol poured 
down a narrow funnel reaching to the bottom of the glass, the 
phosphorus will bum beneath the surface of the water, by the 
assistance of the oxygen of the chlorine tetroxide disengaged. 
The liquid at the same time becomes yellow, and acquires the 
odour of that gas. 

Chloric Acid, HCIO3. — This is the most important compound 
of the series. When chlorine is passed to saturation into a 
moderately strong hot solution of potassium hj^clrate or car- 
bonate, and the liquid concentrated by evaporation, it yields, 
on cooling, flat tabular crystals of a colourless salt, consisting 
of potassium chlorate. The mother-liquor contains potassium 
chloride ; 

SKgO + Clo = 5 KC 1 + KCIO3. 

Potassiam Potassium Potassium 

oxide. chloride. chlorate. 

From potassium chlorate, chloric a«id may be obtained by boil- 
ing the salt with, a solution of hydrofluosilicic acid, which forms an 
almost insoluble potassium salt, decanting the clear liquid, and 
digesting it with a little silica, which removes the excess of 
the hydrofluosilicic acid. Filtration through paper must be 
avoided. 

By cautious evaporation, the acid may be so far concentrated as 
to assume a syrupy consistence ; it is then very easily decomposed. 
It sometimes sets fire to paper, or other dry organic matter, in 
consequetnce of the facility with which it is deoxidised by com- 
hustile bodies. 

The chlorates are easily recognised; they give no precipitate 
when in solution with silver mtrate; they evolve pure oxygen 
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when heated, passing thereby' into chlorides; and they aflEbrd, 
when treated with sulphuric acid, the characteristic explosive 
yellow gas already described. The dilute solution of the acid has 
no bleaching power. 

Perchloric Acid, HCIO4. — ^When powdered potassium chlorate 
is thrown by small portions at a time into hot nitric acid, a change 
takes place of the same description as that which happens when 
sulphuric acid is used, but with this important difference, that 
the chlorine and oxygen, instead of being evolved in a dangerous 
state of combination, are emitted in a state of mixture. The 
result of the reaction is a mixture of potassium nitrate and per- 
chlorate, which may be readily separated by their difference of 
solubility. 

Perchloric acid is obtained by distilling potassium perchlorate 
with sulphuric acid. Pure perchloric acid is a colourless liquid, 
of 1*782 sp. gr. at 16-5°, not solidifying at —35°; it soon becomes 
coloured, even if kept in the dark, and after a few weeks decom- 
poses with explosion. The vapour of f)erchloric acid is trans- 
parent and colourless ; in contact with moist air, it produces dense 
white fumes. The acid, when cautiously mixed with a small 
quantity of water, solidifies to a crystalline mass, which is a 
compound of perchloric acid with one molecule of water, 
HCK )4 H^O. When brought in contact with carbon, ether, or 
other orgamc substances, perchloric acid explodes with nearly as 
much violence as chloride of nitrogen. 

Compound op Chlorine and Nitrogen, NCI3. — WTien sal- 
ammoniac or ammonia nitrate is dissolved in water, and a jar of 
chlorine inverted in the solution, the gas is absorbed, and a deep 
yellow oily liquid is observed to collect upon the surface of the 
solution, ultimately sinking in globules to the bottom. This 
is nitrogen chloride, the most dangerously explosive substance 
known. The following is the safest method of conducting the 
experiment ; — ^ 

A somewhat dilute and tepid solution of pure sal-ammoniac in 
distilled water is poured into a clean basin, and a bottle of chlorine, 
the neck of which is quite free from grease, inverted into it, A 
shallow and heavv leaden cup is placed beneath the mouth of the 
bottle to collect the product. W^en enough has been obtained, 
the leaden vessel may be withdrawn with its dangerous contents, 
the chloride remaining covered wdth a stratum of water. The 
operator should protect his face with a strong wire-gauze mask 
when expeiimentms upon this substance. 

The change may be explained by the equation — 

NH 4 CI + 6C1 « NOJ 5 + 4HC1. 
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Nitrogen chloride is very volatile and its vapour is exceed- 
ingly irritating to the eyes. It has a specific gravity of 1-653. 
It may he distilled at 71®, although the experiment is attended 
with great danger. Between 93® and 105® it explodes with the 
most fearful violence. Contact with almost any combustible mat- 
ter, as oil or fat of any kind, determines the explosion at common 
temperatures : a vessel of porcelaiTi, glass, or even of cast-iron, is 
broken to pieces, and the leaden cup receives a deep indentation. 
This body has usually been supposed to contain nitrogen and 
chlorine in the proportion of 14 parts of the former to 106-5 parts 
of the latter, but recent experiments upon the corresponding 
iodine compound (p. 193) mduce a belief that it contains 
hydrogen.* 

Chlorine and Carbon. — Several compounds of chlorine and 
carbon are known, namely, C0CI2, C^Cl4, C2Cle, and CCI4. They 
are obtained indirectly by tlie action of chlorine upon certain 
organic compounds, and 'mil be described under Organic Chemistry. 


BBOBCINE. 

Atomic weight, 80 ; symbol, Br. 

Bromine f was discovered by Balard in 1826. It is found in sea- 
water and is a frequent constituent of saline springs, chiefly as 
magnesium bromide ; a celebrated spring of the kind exists near 
Kreuznach, in Prussia, Bromine may be obtained pure by the 
following process, which depends upon the fact that ether, agitated 
with an aqueous solution of bromine, removes the greater part of 
that substance. 

The mother-liquor, from which the less soluble salts have 
separated by crystallisation, is exposed to a stream of chlorine, 
and then shaken up with ether ; the chlorine decomposes the 
magnesium bromide, and the ether dissolves the bromine thus set 
free. On standing, the ethereal solution, having a fine red colour, 
separates, and may be removed by a funnel or pipette. Caustic 
potash is then added in excess, and heat applied; bromide and 
broniate of potassium are formed. The solution is evaporated to 
dryness, and the saline matter, after ignition to redness to decom- 

S ose the bromate, is heated in a small retort with manganese 
ioxide and sulphuric acid diluted with a little water, the neck of 
the retort being plunged into cold water. The bromine volatilises 
in the form of a deep red vapour, which condenses into drops 
beneath the liquid. 

* Instead of NCI,, it may in reality be NHdj, or NHaCl . 
t From a noisome smell ; a very appropriate term. 
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Bromine is at common temperatures a red thin liqiiid of an 
exceedingly intense colour, and very volatile; it freezes at about 
— 7® and boils at 63® The density of the liquid is 2*976, and 
that of the vapour 6*64 compared with air, and 80 compared with 
hydrogen. The odour of bromine is very suffocating and offen- 
sive, much resembling that of iodine, but more disagreeable. It 
is slightly soluble in water, more freely in alcohol, and most 
abundantly in ether. The aqueous solution bleaches. 

Hydrogen Bromide, or Hydrobromic Acid, HBr. — This sub- 
stance bears the closest resemblance to hydriodic acid ; it has the 
same constitution by volume, veiy nearly the same properties, 
and may be prepared by means exactly similar, substituting the 
one body for tho other (see page 192 ). The solution of hydro-- 
bromic acid has also the power of dissolving a large quantity of 
bromine, thereby acquiring a red tint. Hydrobromic acid contains 
by weight 80 parts bromine and 1 part hydrogen. 

Bromic Acid, HBr 03 . — Caustic alkaliel in presence of bromine 
undergo the same change as with chlorine, a metallic bromide and 
bromate being produced; these may often be separated by the 
inferior solubility of the latter. Bromic acid, obtained from 
barium bromate, closely resembles chloric acid ; it is easily 
decomposed. The bromates, when heated, lose oxygen and 
become bromides. 

A hypobromous acid corresponding to hypochlorous acid is 
likewise known. 


lOBINE. 

Atomic weight, 127 ; symbol, I. 

This element was first noticed in 1812 by M. Courtois, of Paris. 
Minute traces are found in combination with sodium or potassium 
in sea-water, and occasionally a much larger proportion in that of 
certain mineral springs. It seems to be in some way beneficial to 
many marine plants, as these latter have the power of abstracting 
it from the surrounding water, and accumulating it in their tissues. 
It is from this source that all the’ iodine of commerce is derived. 
It has lately been found in minute quantity in some aluminous 
slates of Sweden, and in several varieties of coal and turf. 

Kelpf or the half- vitrified ashes of sea- weeds, prepared by the 
inhabitants of the Western Islands and the northern shores of 
Scotland and Ireland, is treated with water, and the solution 
filtered. The liquid is then concentrated by’ evaporation until it 
is reduced to a veiy small volume, the sodium diloride, sodium 
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carbonate, potassium chloride, and oth r salts being removed as 
they successively crystalUae. The dari -brown mother-liquor left 
contains very nearly the whole of the c ^dine, as iodide of sodium, 
magnesium, &c. : this is mixed with sn ^ ihuric acid and ihan^anese 
dioxide, and gently heated ^in a leac ^n retort, when the iodine 
distils over and condenses in the receiver. The theory ojf the 
operation is exactly analogous to that of the preparation of chlorine 
(p. 179); in practice, however, it requires careful manageii&ent, 
otherwise the impurities present in the solution interfere with the 
general result : 

MnOg + SKI + 2 H 2 SO 4 = 2 H 2 O + K 2 SO 4 + MnSO^ -f Ig . 

The manganese is not absolutely necessary : potassium or sodium 
iodide, heated with an excess of sulphuric acid, evolves iodine. 
This effect is due to a secondary action between the hydriodic 
acid first produced and the excess of the sulphuric acid, in which 
both suffer decomposition, yielding iodine, water, and sulphurous 
acid. 

Iodine crystallises in plates or scales of a bluish-black colour 
and imperfect metallic lustre, resembling that of plumbago : the 
crystals are sometimes very large and brilliant. Its density is 
4‘948. It melts at 107°, and boils at 176°, the vapour having an 
exceedingly beautiful violet colour.* It is slowly volatile, how- 
ever, at common temperatures, and exhales an odour much resem- 
bling that of chlorine. The density of the vapour is 8*716 
comptkred with air, 127 compared with hydrogen. Iodine requires 
for solmion about 7000 parts of water, which nevertheless acquires 
a brown colour ; in alcohol it is much more freely soluble. Solu- 
tions on hydriodic acid and the iodides of the alkali-metals also 
dissolve a large quantity : these solutions are not decomposed by 
wate^Vhich is the case with the alcoholic tincture. 

lomue stains the skin, but not permanently; it has a very 
energetic action upon the animal system, and is much used in 
medicine. 

One of the most characteristic properties of iodine is the pro- 
duction of a splendid blue colour by contact with starch. The 
iodine for this purpose must be free or uncombined. It is easy, 
however, to make the test available for the purpose of recognising 
the presence of the element in question when a soluble iodide is 
suspected; it is only necessary to add a very small quantity of 
chlorine- water, when the iodine being displaced from combination, 
becomes capable of acting upon the starch. 

Hydrogen Iodide, or Hydriodic Acid, HI. — The simplest 
process for preparing hydriodic acid gas is to introduce into a 

♦ Whence the name, from violet-coloured. 












glass tube, eealed at one extremity, a little iodinei then a small 

qiumtity of roughly-powdered glass 
moistened with water, upon ims«,a 
Jbagnients of phosphorus, a^ 
^^liore dam : t}^ 

, phosj^ros, glass, is repeated 
the tube is Kdf or two-thirds 
fiUed* A eork and narrow bent tube 
are then fitted, and gentle heat ap- 
plied, The gas is best collected by 
displacement of air. The experi- 
nient demnds on the formation of an 
iodide oi phosphorus and its subse- 
qumit decomposition by water, 
whereby hydrogen phosphite, or 
phosphorous acid, H3r03, and hy- 
orogen iodide are produced : Po + 
1- + 6H2O « 6HI + 2H3PO3. The 
glass merely serves to moderate the 
violence of the action of the iodine 
upon the phosphorus. 

Hydriodic acid gas greatly resembles the corresponding chlorine 
compound ; it is colourless, and highly acid ; it fumes in the air, and 
is very soluble in water. Its density is about 4'4 compared with air, 
64 compared with hydrogen. By weight, it is composed of 127 parts 
iodine and 1 part hydrogen ; and by measure of equal volumes of 
iodine vapour and hydrogen united without condensation. 

Solution of hydriodic acid may be prepared by a process much 
less troublesome than the above. Iodine in fine powder is sus- 
pended in water, and a stream of washed hydrogen sulphide passed 
through the mixture ; sulphur is deposited, and the iodine con- 
verted into hydriodic acid. When the li<mid has become colour- 
less, it is heated, to expel the excess of nydrogen sulphide, and 
filtered. The solution cannot be kept long, especially if it be 
concentrated; the oxygen of the air gradually decomposes the 
hydriodic acid, and iodine is set free, which, dissolving in the 
remainder, communicates to it a brown colour. 



Compounds of Iodine and Oxygen. 

The most important of these are the iodic and periodic oxides. 

Composition by weight. 

lodme. OxygenT^ 

Iodic oxide, . . 2 x 127 + 80 

Periodic oxide, . . 2 x 127 + 112 

Both these are acid oxides, uniting with water and metallic 
oxides, and forming salts call^ iodates and periodates. 
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Hydrogen Iodatb, or Iodio Acid, H^O.IgO^, or HIO^, may 
be prepared by tbe direct oxidation of iodine with nitric acid of 
^ecific OTavity 1-6 ; 5 parts of dry iodine with 200 parts of nitric 
acid are Kept at a boiling temperature for several houi^ or until 
the iodine has disappeared* The solution is, then cautiously dis- 
tilled to dr 3 mess, and the residue dissolved in water and made to 
crystallise. * 

Iodic acid is a very soluble substance ; it aystallises in colour- 
less six-sided tables* At 107® it is resolved into water au^ iodic 
oxide, which forms tabular rhombic crystals, and when heated to 
the temperature of boiling olive oil, is completely resolved into 
iodine and oxygen. The solution of iodic acid is readily deoxi- 
dised by sulphurous acid. The iodates much resemble the chlo- 
rates: that of potassium is decomposed by heat into potassium 
iodide and oxygen gas. 

Hydrogen Periodate, or Periodic Acid, HgO.IgO^, or HIO 4 * 
— When solution of sodium iodate is mixed with caustic soda, 
and a current of chlorine passed through the liquid, two salts are 
formed — namely, sodium chloride and a sparingly soluble com- 
pound of sodium periodate with sodium hydrate and water, 
NaIO4.NaHO.H2O, or NagH^IOg, the reaction being as repre- 
sented by the equation — 

NaI 03 + 3NaHO + CI 2 = 2NaCl + Na^U^lO^. 

This sodium salt is separated, converted into a silver-salt, and 
dissolved in nitric acid : the solution yields, on evaporation, 
crystals of yellow silver periodate, from which the acid may be 
separated by the action of water, which resolves the salt into free 
acid and an insoluble basic periodate. 

Periodic acid crystallises from its Aqueous solution in delique- 
scent oblique rhombic prisms, which melt at 130°, and are resolved 
at 170° into water and a white mass of periodic oxide, which at 
180° or 190° gives off oxygen with great rapidity, and leaves iodic 
oxide. 

The solution of periodic acid is reduced by many organic sub- 
stances, and instantly by hydrochloric acid, sulphurous acid, and 
hydrogen sulphide. With hydrochloric acid it forms water, iodine 
chloride, and free chlorine. The metallic periodates are resolved 
by heat into oxygen and metallic iodide. 

Compounds of Iodine and Nitrogen . — When finely powdered 
iodine is put into caustic ammonia, it is in part dissolve, giving 
a deep-brown solution, and the residue is converted into a black 
powder, called nitrogen iodide, NIo. The brown liquid consists 
of hydriodic acid holding iodine in solution, and is easily separated 
from the solid product by a filter. The latter, while still wet, is 

N 
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distributed in small (quantities upon separate pieces of bibulous 
paper, and left to dry in the air. 

Nitrogen iodide is a black insoluble powder, which, when dry, 
explodes with the slightest touch — even that of a feather — and 
sometimes without any obvious cause. The explosion is, however, 
not nearly so violent as that of nitrogen chloride, and is attended 
with the production of violet* fumes of iodine. According to Dr. 
Gladstone, this substance contains hydrogen, and may be viewed 
as NIJI 2 , that is, as ammonia in which two-thirds of the hydrogen 
are replaced by iodine. According to the researches of Bunsen, it 
must be viewed as a combination of nitrogen tri-iodide with 
ammonia, NI 3 .NHQ. It appears, however, that the substance 
called nitrogen iodide varies in composition. Gladstone, by chang- 
ing the mode of preparation, obtained several compounds of nitrogen 
tri-iodide with ammonia. 

Compounds of Iodine and Chlorine. — Iodine unites directly with 
chlorine, forming a monochloride and a trichloride. There is also 
a tetrachloride produced by spontaneous decomposition of the 
monochloride. 

The monochloride^ ICl, is obtained by passing dry chlorine over 
iodine till the whole is liquefied, but no longer; also by distilling 
icxline with potassiiim emorate, oxygen being then evolved, the 
monochloride distilling over, and a mixture of chloride, iodate, 
and perchlorate of potassium remaining behind. 

I2 -h 3KCIO3 - O2 + ICl + KCl + KIO3 + KCIO4. 

Iodine monochloride is a reddish-brown oily liquid, having a 
suffocating odour and astringent taste; soluble in alcohol and ether; 
decomposed by water, with formation of hydrochloric and iodic 
acids, and separation of iodine. It sometimes solidifies in yellow 
needles. Siuphurous acid and hydrogen suli^hide decompose it, 
with separation of iodine; with aqueous solutions of alkalis, it 
yields a chloride and an iodate, together with free iodine ; thus, 
with potash — 

5IC1 + 6 KHO = 5KC1 + KIO 3 + 3 H 2 O + I 4 . 

The trichloride, ICI3, is produced by treating iodine at a gentle 
heat with chlorine in excess. It crystallises in orange-yellow 
needles ; melts at 20 ° to 25 °, giving off chlorine, which it reabsorbs 
on cooling ; acts on most other substances like the monochloride. 

In contact with a small quantity of water it is partly resolved 
into an insoluble yellowish body (probably a mixture of the tri- 
chloride vrith iodic oxide), and a solution containing hydrochloric 
acid and the monochloride — 

4103 + = lOHCl + I 2 O 3 + 2IC1. 
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A large quantity of water dissolves it; probably without decom- 
position, or perhaps as a mixture of hydrochloric and iodic acids 
containing free iodine — * 

6ICI3 + 9H2O = 15 HC 1 + 3HIO3 + I2, 

The tetrachloride^ ICI4, produced by imontaneous decomposition 
of the monochloride, 4 ICl = ICI4 + I3, crystallises in red octo- 
hedrons. 


FLXrOltINE. 

Atomic weight, 19; symbol, F. 

This element has never been isolated — at least, in a state fit for 
examination ; its properties are consequently in great measure 
imknown; but from tne observations made, it is presumed to be 
gaseous, and to possess colour, like chlorine. The compounds 
containing fluorine can be easily decomposed, and the element 
transferred from one body to another ; but its intense chemical 
energies towards the metals and towards silicium, a component of 
glass, have hitherto baflled all attempts to obtain it pure in the 
separate state. As calcium fluoride, it exists in small quantities 
in many animal substances, such as bones. Several chemists have 
endeavoured to obtain it by decomposing silver fluoride by means 
of chlorine in vessels of fluor-spar, but even these experiments 
have not led to a decisive result. 

Hydrooen Fluoride, or Hydrofluoric Acid, HF. — ^When 
powdered calcium fluoride (fluor-spar) is heated with concentrated 
sulphiudc acid in a retort of platinum or lead connected with a 
carefully cooled receiver of the same metal, a very volatile colour- 
less liquid is obtained, which emits copious white and highly 
suffocating fumes in the air. This is the anhydrous acid, not 
however quite pure. It may be obtained in a state of perfect 
purity by distilling hydrogen-potassium fluoride, HF.KF, to red- 
ness in a platinum vessel. As thus prepared, it is at ordinary 
temperatures a colourless, transparent, mobile liquid, having a 
specific gravity of 0’9879 at 12’8®, extremely volatile, boiling at 
19'4°, fuming densely at ordinary temperatures, and absorbing 
water greedily from the air.* It contains 19 pai-ts by weight of 
fluorine to 1 part of hydrogen. 

When hydrofluoric acid is put into water, it unites with the 
latter with gi‘eat violence ; the dilute solution attacks glass with 
great facility. The concentrated acid, dropped upon the skin, 

occasions deep and maHgnant ulcers, so that gpreat care is requisite 
in its management. Hydrofluoric acid contains 19 parts fluorine 
and 1 part hydrogen. 

♦ Qore. Journal of the Chemical Society [2}, vii. 368. 
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Iq & state, this acid is occasionally used in the anal 3 rsis 

of ^ceous inineiala, when alkali is to be estimated; it is employed, 
also, for etching on glass, for which purpose the acid may Ihj pre- 
^n%d in vessels of lead, that metal hems but slowly attacked under 
wese circumstances. The vapour of me acid is also vciy advan- 
tageously applied to the same purpose in the following mminer : — 
The glass to be engraved is coated with etching-grouml or wax, 
and the design traced in the usual way with a j)ointc<l instrument. 
A shallow basin, made by beating up a piece of sheet- lead, is then 
prepareil, a little powdered fluor-spar placed in it, ami enough 
sulphuric acid added to form mth the latter a thin paste. The 
glass is placed upon the basin, with the waxed side «Iown wards, 
and gentle heat applied beneath, wJiich speedily disengages tJie 
vapour of hydrofluoric acid. In a very few minutes the opcnition 
is complete ; the glass is then removetl, and cleaned by a little 
warm oil of turpentine. When ‘'the experiment is succes-sful, the 
lines are vc^' clean and smooth. 

combination of fluorine and oxygen ha.s yet been ili-scovcied. 


SULPHXTB. 

. Atomic weight, 32; symbol, S. 

This is an elementary bmly of great importance and interest It 
is often found in the fre-e state in connection with (iej)osit8 of 
gypsum and rock-salt, and in the fissures of volcanic craters. 
Sicily furnishes a large iJi-oportion of the sulphur emjdoyed in 
Europe. In a state of combination w'ith iron and other 
and as sulphuric acid, united to lime and magnesia, it is also 
abundant 

Pure sulibur is a jrale-yellow brittle solid, of welf-known appear- 
ance. It melts wben heated, and distils over unaltered, if air lie 
excluded. The crj'stals of sulphur exhibit two distinct and incom- 
patible formf^namely, first, an octobedron with rhombic base 
(fig. 112), which is the figure of native sulphur, and that assumtsl 
when sulphur separates from solution at common temperatures, as 
when a elution of sulphur in carlwn bisulphide is expose* I to slow' 
evaporation in the air ; and, secondly, a lengthened prism having 
no relation to the preceding : this happens \^en a mm^s of sulphur 
is meltetl, and, after partial cooling, the crust on tlie suifa^ is 
broken, and the tliiid portion ijoured out. Fig. 113 shows the 
result of such an experiment. 

^e specific gravity of sulphur varies according to the form in 
which it is crystalbsed. The octohedral variety has the specific 
gravity 2'046 ; the prismatic variety the specific gravity 1'9B2 

Sulphur melts at IIP (at 114-6° acconling to Brorfie); at this 
temperature it is of the colour of amber, and thin and fluid as 
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water ; when further heated^ it b^ns to thicken, and to acquire 
a deeper colour ; and between 221® and 249® it is so tenacious that 
the vessel in which it is contained may be, inverted for a moment 
without the loss of its contents. If ir *>his state it be poured into 

Fig. iia. 


water, it retains for many hours a remarkably soft and flexible 
condition, whicli may 1)0 looked ux>on as the amoq>hous state of 
Kul[ihur. After a while it again iHiComes brittle and crystalline. 
From the tempeniture last-mentioned to the boiling-point— about 
— sul[)hiir again becomes tbiii and liqiikL In the preparation 
(»f commercial Howem of sulphur, the vapour is conductea into a 
large cold chamber, wliere it condenses in minute crystals. The 
s]>eciftc gravity of sulphur vapour is 2*22, referred to tluit of air as 
unity, or 32 compared with tliat of hydrogen (DevilleV 

Sulphur is insoluble in water and alcohol ; oil of turj>entine 
and the fat oils dissolve it, but the l)est substance for the purjwse 
is carljon bisulphide. In its chemical r€dati<ms sulphur beai*s great 
resemblance to oxygen : to very many oxides there are correspond- 
ing sulphiilos, ami the sulphides often unite among themselves, 
forming crystullisable comjiound.s analogous to oxysalts. 

Sulphur is remarkable for the great number of modifications 
which it is capable of assuming. Of these, however, there are two 
principal well cliaracterised varieties, one soluble, and the other 
insoluble in carbon bisulphide, and many minor modifications. 
Tile soliilile variety is disf inguishetl by Berthelot by the name of 
ehctro-nejfative sulphur^ lx?cause it is the form which apfiears at 
the jiositive yiole of the voltaic battery during the decomposition 
of an actiicoiis solution of hydrogen siiljihide, and is separated 
from the combinations of sulxihur with the electro-positive metals. 
The insoluble variety is distinguished as electro-positive sulphury 
because it is the form which appears at the negative jiole during 
the electro-decoinjiosition of sulphurous aciil, and separates from 
comjionnds of sulphur with the electro-negative elements, chlorine, 
bromine, oxygen, &c. 

The principal modifications of soluble sulphur are the octohedral 
and prismatic varieties already mentioni^, and an amorphous 

variety which is precipitated as a greenish-white emulsion, loiown 
as milk of sulphur, on adding an acid to a dilute solution of an 



Fig. 112. 
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alkaline polysulphide, such, for example, as is obtained by boiling 
sulphur with nmk of lime. This amorphous sulphur changes by 
keeping into a mass of minute octohedral crystals. Sublimed 
sulphur appears also to be allied to this modification, but it always 
contains a small portion of one of the insoluble modifications. 

Xhe chief modifications of insoluble sulphur are : — 1. The amor- 
phous insoluble variety obtained as a soft magma by deconii>osing 
chlorine bisulphide with water, or by adding dilute hydn>cliloric 
acid to the solution of a thiosulphate (p. 204). 2. The j)lastic 

sulphur already mentioned as o]>tained by pouring viscid melted 
sulphm* into water. A very similar variety is produced by Ix>iling 
metallic sulphides udth nitric or nitro-mui*iatic acid. 

When solutions of hydrogen sulphide and ferric chloride are 
mixed together, a blue precij)itate is sometimes formed, wdiich is 
said to be a peculiar modification of sul])liur. 


Compauruis of Sulphur and Oxygen, 

There are two oxides of sulphur whose naiues and composition 
are as follows :~ 

€k>raposition by weight. 

Sulphur* Oxygen. 

Sulphur dioxide or Sulphurous oxide, SO^ . 32 + 32 

Sulphur trioxide or Stilphuric oxide, SOj . 32 + 48 

Both these oxides unite with water and metallic oxides, or 
the elements thereof, producing salts; those derived from sul- 
phurous ^xide are called sulphites, and those derived from sul- 
phuric acid, sulphates. The composition of the hydrogen salts or 
acids is as follows : — 


Hydrogen SuIxAite, 
or S^phurous acid. 


Hydrogen Sulphate ) 
or Sulphuric acid, ) 


Hydrogen. Sulphur. Oxygen. Water. 

I 2 + 32 + 48 =. 18 + 64 

2 + 32 + 64 = 18 + 80 


The formulae of these acids are : — • 

Sulphurous acid, HjSOj = HjO.SOj 
Sulphuric acid, = H^O.SOg 

The replacement of half or the whole of the hydrogen by 
metals, gives rise to metallic sulphites and sulphates. 

There are also several acids of sulphur, with their corresponding 
metallic salts, to which there are no corresponding anhydrous 
oxides, viz, ; — 

1. HyposulphuTous Acid, H 2 SO 2 , having the composition of 
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sulphurous acid numvA oue atom of oxygen. Its composition by 
weight is — 

Hydrogea Sulphur. Oxygen. 

2 + 32 4- 32 

2. Thiosulphuric Acidy HoSgO^, having the composition of sul- 
phiiric acid in which one-fourth of the oxygen is replaced by 
sulphur. Its composition by weight is — 

Hydrogen. Sulphur. Oxygen. 

2 + 64 + 48 

3. A series of acids called Polythionic Acids* in which the same 
quantities of oxygen and hydrogen are united with quantities of 
sulphur in the pro2»ortion of the numbers 2, 3, 4, 5, viz. ; — 


Dithionic, or Hyjiosul- 
pliuric acid, 
Tritliionic acid, 
Tctrathionic acid, . 
Pentatliioiiic acid, . 


Hydrogen. Sulphur. Oxygen. 


IfsSaO, . 

2 

+ 

64 

+ 

06 

• H,S,0. . 

2 

+ 

96 

+ 

96 

• 11,8.0, . 

2 

+ 

128 

+ 

96 

. 11,850, . 

2 

+ 

160 

+ 

06 


SuLPiiUK Dioxide, or Sulphurous Oxide, SO2. — This is the 
only product of the combustion of sulphur in dry air or oxygen 
gas. It is most conveniently prepared d)y heating sulphuric acid 
with metallic mercury or copper clipfdngs. A portion of the acid 
is decomposed, on(*-tliird of tJie oxygen of the sulphuric oxide 
being transferred to tlze metal, while the sulphuric oxide is 
reduced to sulphurous oxide which escapes as gas : 

2(ll20.S()3) -f Cu = CUO.SO3 -f 2H2O + SO2. 

Sulphuric Copper 

acid. Bulphate. 

Another very simple method of preparing suljihurous oxide 
consists in heating concentrated suljdiuric acid with sulphur; a 
very regular evolution of sulphurous oxide is thus obtained. 

Sul2)hiirous oxide is a colourless gas, having the peculiar suffo- 
cating odour of hurning brimstone ; it instantly extinguishes flame, 
and is quite irrespirable. Its density is 2*21 ; a litre weighs 2'8605 
giams ; 100 cubic inches weigh 08 '69 grains. At 0° F. (— 17’8® C.), 
un<Ier the ordinary pressure of the atmosphere, this gas condenses 
to a colourless, limjud liquid, very expansible by heat. Cold 
water dissolves more than thirty times its volume of sulphurous 
oxide. The solution, which contains hydrogen suljihite or sul- 
phurous acid, may be kept unchanged so long as air is excluded, 
but access of oxygen gradually converts the sulphurous into sul- 
phuric acid, although dry sulphurous oxide and oxygen gases may 

* From TToXv, many, and delov, sulphur. g 





tem$m in oontac^ for my length of time without change. When 
sulphurous oxide and aqueous vapour are passed into a vessel 
cooled to below 17® or 21^F. (— 8*3® or — 6® C*h ^ ciystalline body 
form^ which contains about 24*2 sulphurous Oidde to 75*8 of 
water. 

One volume of sulphurous oxide gas contains one volume of 
oxygen ahd half a volume of sulphur-vapour, condensed into one 
volume. 

Sulphurous oxide, like other gases which are freely soluble in 
water, must be collected by displacement, or by the use of the 
mercurial x>neumatic trough. The manipulation w ith the latter is 
exactly the same in principle as with the ordinarj" water trough, 
but rather more troublesome, from the gitjat density of the 
mercury, and its opacity. The whole aj>panitiis is on a much 
smaller scale. The trough is best constructeiV of hanb sound 
wood, and so contrived as to economise as much as possible I lie 
expensive liquid it is to contain. 

Sulphurous acid has bleaching propertit‘s ; it is used in the arts 
for bleaching w^oollen goods and stmw-plait. A pic‘ce of blue 
litmus-paper plunged into the moist gas is first reddeneil and then 
slowdy oleached. 

The salts of sulphurous acid are not of much iinx>ortancc : those 
of the alkalis are solulde and crystallisahic ; they am easily formed 
by direct combination. The sulphites of barium, strontium, and 
calcium are insoluble in w'ater, but soluble in hydrochloric acid. 
The stronger acids decompose them; nitric acid converts them 
into sulphates. 

Sulphurous oxide unites, under peculiar circumstances, wnth 
chlorine, and also wdth icxUne, forming coirmouiids, whicli have 
been called chloro- and iodo-sulphuric acids. They are decompf>sed 
hy water. It also combines with dry aimuoniacal gas, giving rise 
to a remarkable compound ; and Avith nitric oxide also, in pre- 
sence of an alkali. 

Sulphur Trioxide or Sulphuric Oxide, SO3, (also called * 
Anhydroiis Sulphuric acidj or Sulphuric anhydride^.—Tlus com- 
pound may 1x3 foimed directly by passing a dry mixture of sul- 
phurous oxide and oxygen ^ses over heated spongy platinum ; or 
it may be obtained by distilling the most concentrated sulphuric 
acid with phosphoric oxide, which then abstracts the water and 
sets the sulphuric oxide free. If is usually prepared, however, 
from the fuming oil of vitriol of Nordhausen, which may be 
regarded as a solution of sulphuric oxide in sulphuric acid. On 
gently heating this liquid in a retoit connected with a receiver 
cooled by a freezing mixture, the sulphuric oxide distils over in 
great abundance, and condenses into beautiful white silky crystals, 
resembling those of asbestos. When thrown into water, it hisses 
like a red-hot iron, from the violence with which combination 
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occurs : the product is suli>hiirie acid. When agposed to the air^ 
ev^tt for a few momenta^ it liquefies hy ahsorption of moisture, 
{t unites with ammoniacal forming a salt called ammoxuum 
sulphamate, the nature of which will be explained further om 

Sulphuric Acid, H^04. — This acid has been known since 
the fifteenth century. There are two distinct processes by which 
it is at present prepared, namely, by the 'distillation of ferrous 
sulphate (copperas or green vitriol), and by the oxidation of 
8uh)hurous acid with nitrous and hyponitric acids. 

The first process is still carried on in some parts of Germany, 
especially in the neighbourhood of Nordhausen in Prussia, and in 
Bohemia. The fen*ous siilidiate, derived from the oxidation of 
iron pyMte«. deprived by heat of the greater part of its water of 
crystailisafion, and subjected to a high re<l heat in earthen retorts, 
to which receivers are fitted as soon as the acid liegins to distil 
ovc^r. A j»art gets deconifjosed by the very high temperature; 
tlje remainder is driven off in vapour, which is condensed by the* 
cold vessel, containing a very small quantity of water or common 
sulphuric acid. The product is u brown oily liquid, of about 1-9 
specific gmvity, fuming in the air, and very corrosive. It is 
clii(dly made for (lie purjiose of dissolving indigo. 

The secoml metlusi, which is, perhaps, with ilie single exception 
mentioned, always followed as the more economical, dej)ends upon 
the fact that, when sulidiuixius oxide, nitrogen tetroxide, and water 
are ]>resent together in certain proportions, the sulphurous oxide 
becomes f»xidised at the expense of trie nitrogen tetroxide, which, 
by the loss of one-lialf of its oxygen, sinks to the condition of 
nilrogon dioxide. The opemtioii is thus conducted : — A large and 
very long chamber is built of sheet-lead supported by timber 
framing ; on the outside, at one extremity, a small furnace or oven 
is constnictal, having a wide tube lending into the chamber. In 
this, sulpliur is kept burnin'g, the flame of which heats a crucible 
containing a inixtuie of nitre and oil of vitriol. A shallow stratum 
of water occupies the floor of the chamber, and a jet of steam is. 
also intrcxliiced. Lastly, an exit is provided at the remote end of 
the chamber for the spent and useless gases. The effect of these 
arrangements is to cause a constant supply of sulphurous oxide, 
atmospheric air, nitric acid vapour, and water in the state of steam, 
to be thrown into thft chamber, there to mix and react upon each 
other. The nitric acid immediately gives up a part of its oxygen, 
to the sulphurous oxide, and is itself reduced to nitrogen tetroxide, 
N2O4 or NOg; it does not remain in this state, however, but 
suffers further deoxidation until it becomes reduced to nitrogen 
dioxide, N3O0 or NO.* That substance, in contact with tree 
oxygen, absorbs a portion of the latter, and once more becomes 
tetroxide, which is again destined to undergo deoxidation by a 
fresh quantity of sulphurous oxide. A very small portion of 
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ifitto^sa tetroxide^ mixed with atmospheric ait and su^hurona 
oxidi^ nu^ thus in time convert an indefinite amount of the latter 
into Bulpniiric acid, by acting as a kind of carrier between tha 
oxygen of the air mid the s^phurous oxide. The prince of 
water is essential to this reaction, which may be represented by 
the equation, 

NO2 + SO2 + HgO « NO + HaSO^* 

Such is the simplest view that can be taken of the production 
of sulphuric acid in the leaden chajnl)er ; but it is too much to 
afiirm that it is strictly true ; the reaction may be more complex. 
When a little water is put at the bottom of a large glass giolx*, 
80 as to maintain a certain degree of humidity in the air witL 'n, 
and sulphurous oxide and nitrogen tetroxide are introduced by 
separate tubes, s)'mptoms of chemical action become immediately 
evident, and after a little time a white crystalline matter is 
obser\^ed to condense on the sides of the vessel. This sul)stance 
appears to be a compound of sulphuric acid, nitrous acid, and a 
little water.* When thrown into water, it is ivsolved into sul* 
phuric acid, nitrogen dioxide, and nitric acid. This curious lx>dy 
2 s certainly very often produced in large (piantity in the leaden 
oiiainhers; hut pro<Iiictiott is indispensable to the siuress 

of the process^ and constant when the operation goes on well and 
the nitrogen tetroxide is not in excess, may perlinps a<1mit of doubt. 

The water at the bottom of the chamber thus l)i»comes loaiUnl 
vnih sulphuric acid : when a certain degi*ee of strength has been 
ivached, tlie acid is dr.iwn off and coiicentrated by ei^apomtion, 
first in lea<len puns, and afterwards in stills of ]>latinum, until it 
attains a density (when cold) of 1’84, or thereabouts; it is then 
transferred to carlx)ys, or large glass lx)ttles fitted in baskets, for 
sale. In Great Britain this manufacture is one of great national 
imjvortance, and is carried on to a vast extent. 

• Gaultier de Claubry assigned to this curious substance the composition 
expressed by the formula 2 (N 203 . 2 H 202 )- 5 S 03 , and this view has generally 
been received by recent chemical writers, De la Provostaye has since 
shown that a compound x>osseHsing all the essential properties of the body 
in question may be formed by bringing together, in a sealed glass tube, 
liquid sulphurous oxide and liquid nitrogen tetroxide, both free from water. 
The white crystalline solid soon begins to form, at the expiration of 
twenty-six houi*s the reaction appears complete. The new product is 
acconmanied by an exceedingly volatile greenish liquid having the charac- 
ters of nitrous acid. The white substance, oii analysis, was found to con- 
tain the elements of two molecules of sulphuric oxide and one of nitrous 
oxide, or N 2 O 3 . 2 SO 3 . M. de la Provostaye very ingeniously explains the 
miomalies in the different analyses of the leaden-chamber product, by show- 
ing that the pure substance forms crystallisable combinations with different 
proportions of sulphuric acid. (Ann. Chim. Phys, Ixxiii. 5162.) See also 
Weber (Jahresbericht fur Ohemie, 1863, p. 738 ; 1863, p. 93 : Bull. Soc. 
Chim. de Paris, 1867, i. 15). 



auLPHim. 


203 


Sulphuric acid is now more j&^uently made by bumluff iron 
pyrites, or poor copper ore, or zinc-blende, inst^ of Su:ilien 
sulphur: as thus prerared it very frequently contains arsenic, 
from which it may be nreed, however, by heating it With a small 
quantity of sodium chloride, or by passing through the heated 
acid a current of hydrochloric acid gas, hereby the arsenic is 
volatilised as trichloride. 

The most concentrated sulphuric acid, or oil of vitriol^ as it is 
often called, is a definite combination of 40 parts sulphuric oxide 
and 9 parts water, and is represented by the formula, H0O.SO3 or 
H2SO4. It is a colourless oily liquid, having a specific cavity 
of about 1 * 85 , of intensely acid taste and reaction. Organic 
matter is rapidly <jharred and destroyed by it. At the tem- 
perature of ~ 20^ C. 15 ^ F.) it freezes ; at 327 ® C. <[ 620 ® F.) it 
noils, and may be distilleil without decomposition. Oil of vitriol 
has a most energetic attraction for water ; it withdraws aqueous 
vapour from the air, and when it is diluted with water, great heat 
is evolved, so that the mixture always requires to be made with 
caution. Oil of vitriol* is not the only hydrate of sulphuric oxide ; 
three others are kiu^wn to exist. When the fuming oil of vitriol 
of N(»rdhauHen is exposed to a low temperature, a white crystalline 
substance sepamtes, which is a hydrate containing half as much 
water as the common liquid acid. Further, a mixture of 98 

I arts of strong liquid acid and 18 parts of water, 2H2O.SO, or 
12804.11,^0, congeals or crystallises at a tempemture above (r C., 
and remains solid even at 7*2® C. ( 45 ® F.) Lastly, when a very 
dilute acid is concentrated by evaporation in a vacuum over a 
surface of oil of viti*iol, the evaporation stops when the sulphuric 
oxide and water })ear to eiicli otlier the prcmortioii of 80 to 54 , 
answering to tlie formula, 3H.,0.803 or H^S04.2H20. 

When the vapour of sulpburic acid is passed over red-hot 
platinum, it is decomposed into oxygen and sulphurous acid. St. 
Claire Deville and Debray have recommended this process for the 
preparation of oxygen on the large scale, the sulphurous acid being 
easily separated by its solubility in water or alkaline solutions. 

Sulphuric acid acts readily on metallic oxides ; converting them 
into sulphates. It also decomjioses carbonates with the greatest 
case, exjxilling carbon dioxide with effervescence. With the aid 
of heat it likewise decomposes all other salts containing acids more 
volatile than itself. The sulphates are a very important class of 
salts, many of them being extensively used in the arts. Most 
sulphates are soluble in water, but they are all insoluble in alcohol. 
The barium, calcium, strontium, and lead salts are insoluble, or 
very slightly soluble, in water : and are formed by precipitating 
a soluble salt of either of those metals with sulphuric acid, or a 
soluble metallic sulphate. Barium sulphate is quite insoluble in 
water : consequently sulphuric acid, or its soluble salts, may be 
detected with the greatest ease by solution of barium nitrate or 
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cUoride : a white precipitate is thereby produced which does not 
dissolve in nitric acid. 

Hyposulphurous Acid, H2SO2 (also called hxjdromlphurous 
acid). — This acid is formed by the action of zinc on an aqueous 
solution of sulphurous acid. The zinc dissolves without evolution 
of hydrogen, merely removing an atom of oxygen. A yellow 
solution is thereby formed which possesses much ^eater decolor- 
ising power than sulphurous acid itself, and quicJkly mluces the 
metals from salts of* silver and mercury. This solution is, however, 
very unstable, and quickly loses its bleaching power. A more 
definite product is obtained by immersing clippings of zinc in a 
concentmted solution of acid sodium sulphite, NaHS(X, contained 
in a closed vessel, whereby sodium hyj)osulphite, Na2S02, and 
zinc-sodiiun sulphite, Na9Zn(S03)2, are produced, the latter crystal- 
lising out. To isolate the nj'posulphite, the liquid is decanted, 
after about half an hour, into a flask three-fourths filled with strong 
alcohol, and the flask is sealed. A crystalline precipitate imme- 
diately forms, consisting for the most pirt of zinc-sotlium sulphite, 
while nearly all the hyposulphite remains dissolved in the alcohol. 
The solution, decanted into a flask quite filled with it, well closed, 
and left in a cool place, solidifies in a few hours to a mass ol* 
slender colourless needles, consisting of sodium hyposuliihite, 
which must be quickly pressed Iwitween folds of linen, and dried 
in a vacuum, as it becomes veiy hot if exposed to the air in the 
moist state ; when dry, however, it is not affected by oxygen. 
This salt is very solubie in water, soluble also in dilute alcohol, 
the solutions exhibiting all the bleaching and retlncing proi)ei’tie 8 
above described. The crystals when exposed to the air are com- 
pletely conveited into acid st^Mlium sulphite, NaHSO^. By heating 
them with oxalic acid, hyposulphurous acid is obtained as a deep 
orange-coloured strongly bleaching liquid, which <piickly decom- 
poses, liecoming colourless, and depositing sulphide.* 

Thiosulphuric Acid, (fonnerly called hijpomlphuroxts 

acid ), — By digesting sulphur with a solution of potassium or sodium 
sulphite, a portion of that substance is <lissolvcd, and the liquid, 
by slow evimoration, furnishes crystals of thiosulphate, Na2S03 + 

S sar Na2S2U3. Tlic acid itself is scarcely known, for it cannot lie 
isolated ; when hydrochloric acid is added to a solution of a thio- 
sulphate, the acid of the latter is almost instantly resolved into 
sulphur, which precipitates, and sulphurous acid, easily recognised 
by its odour. In very dilute solution, however, it appears to 
remain undecomposed for some time. The most remarkable 
feature of the alkaline thiosulphates is their property of dissolving 
certain insoluble salts of silver, as the chloride — a property widen 

* Stehlitzenbeiger, Zeitchrift fUr Chemie 1859 , p. 545 . 
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has lately conferred upon'them a considerable share of importance 
in relation to the art of photography. They are also much used 
as antichlores for removing tne last traces of chlorine from 
bleached goods. 

Dithionio, or Hyposulphurio H2S2O6. — This acid is 

pr^Dored by suspending finely divided manganese dioxide in water 
artificially cooled, and then transmitting a stream of sulphurous 
acid gas ; the dioxide becomes monoxide, half its oxygen converting 
the sulphurous into dithionic acid, MnOo + 2SO2 — MnSgO^. 
The manganese dithionate thus prepared is decomposed by a 
solution of pure bariimi hydrate, and the bariimi salt, in turn, by 
enough sulphuric acid to precipitate the base. The solution of 
dithionic acid may be concentrated by evaj>oration in a vacuum, 
until it acrpiires a density of 1‘347 ; pushecl further, it decomposes 
into sulnhuric and sulphurous acids. It has no odoiu’, is very 
sour, and forms soluble salts with baryta, lime, and lead oxide. 

Trithiokic Acid, H^SgOg. — substance accidentally formed 
by Langlois, in the prepamtion of ]>otassium thisulphate, by 
gently heating with sulimur a solution of potassium carbonate 
Biiturated with sul])hurous acid. It is also produced hy the action 
of suliihurous oxide on potassium thiosulphate: 2K2S2O3 + SSOg = 
+ »S. Its siilts ])ear a great resemblance to those of 
thiosuliJriuric acid, Imt differ completely in composition, while the 
acid itself is not quite so prone to change. It is obtained by 
decomposing the potassimn salt with hydrofluosUicic aci<l : it may 
l)e conceiitrate<l under the receiver of the air-piunp, hut is gi'adually 
decomposed into sulphur, sulphurous, and sulphuric acids. 

Tetrathioxic Acip, IloS^Og. — This acid was discovered by 
Fordos and Gel is. A\Tien icKline is adde^l to a solution of Imrium 
hyposulphite, a large quiintity of that substance is dissolved, and 
a clear coh)urless solution obtained, which, beshles harium iodide, 
contains bariiuu tetrathionate : 2BaS^03 + lo = BaL + BaS40g. 
By suihihle means, the acid can he eliminated, and obtained in a 
state of solution. It very closely resemhles dithionic acid. The 
same acid is produced by the action of sulphurous acid on chlorine 
disuljiliide. 

Pentathionic Acid, — Another acid of suljihur was 

discovere<l by Wackenroder, who formed it by the action of 
hydrogen sulphide on sulphurous acid: fiHgSOg -f- 5H2S — 
^28503 + UHgO + S3. It is coloiu'Iess and inodorous, of acid 
and bitter taste, and cajmble of being concentrated to a consider- 
able extent by cautious evaporation. 

Under the influence of heat, it is decomposed into sulphur, 
sulphurous, and sulphuric acids, and hydrogen sulphide. The 
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salts of pentathionic acid are nearly all soluble. The barium salt 
crystallises from alcohol in square prisms. The acid is also formed 
when lead dithionate is decomposed by hydrogen sulphide, and 
when chlorine monosulphide is heated with sulphurous acid. 

Sulphur with Hydrogen. 

Hydrogen Monosulphtde ; Sulphydric Acid; Hydrosul- 
PHURio Acid ; Sulphuretted Hydrogen, HgS. — There are two 
methods by which this important compound can be readily pre- 
pared, namely, by the action of dilute sulphuric acid upon iron 
monosulphide, and by the decomposition ot antimony trisulphide 
with hydrocliloric acid. The first method yields it most easily, 
the second in the purest state. 

Iron monosulphide is put into the apparatus for hydrogen, 
already several times mentioned, together with water, and oil of 
vitriol is added by the funnel, until a copious disengagement of 
gas takes place. This is to be collected over tepid water. The 
reaction is thus explained : — 

FeS + H2SO4 = HgS - FeSO^ 

Ferrous Hydrojfcn Hydrogen Ferrous 

sulphide. sulphate. sulphide. sulphate. 

By the other plan, finely powdered antimony trisulphide is put 
into a flask to which a cork and bent tulie can be adapted, and 
strong liquid hydrochloric acid poured upon it. On the application 
of heat, a double interchange occurs l^etween the bodies present, 
hydrogen sulphide and antimony trichloride being formed. The 
action lasts only while the heat is maintained. 

SbgSa + 6HC1 = . 38 H 2 + 2Sbnj 

Antimonfoas Hydrogen Hydrogen Anflrnon/ous 

sulphide. chloride. sulphide. chloride. 

Hydrogen sulphide is a colourless gas, having the odour of jiutrid 
eggs ; it is most offensive when in small quantity, when a mere 
trace is present in the air. It is not irritating, but, on the contrary, 
powerfully narcotic. When set on fire, it bums with a blue flame, 
producing sulphurous acid when the supply of air is abun^nt ; 
and depositing sulphur when the oxygen is deficient Mixed with 
chlorine, it is instantly decomposed, with separation of the whole 
of the sulphur. 

This gas has a specific gravity of 1-171 referred to air, or 17 
referred to hydrogen as unity ; a lifae weighs 1*61991 gnuna 
A pressure of 17 atmospheres at 10® reduces it to the Uquid form. 
Cold wa^ dissolves its own volume of hydrogen sulphide, aud the 
solution is often directed to be kept as a test ; it is so prone to decom- 
position, however, hy the oxygen of the air, that it quickly spoils. 
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A much, better plan is to keep a little apparatus for generating 
the gas always at hand, and ready for use at a moment’s notice. 
A smjdl bottle or flask, to which a bit of bent tube is fitted by 
a cork, is supplied with a little iron sulphide 
and water; when required for use, a few Fig. 114 . 

drops of oil of vitriol are added, and 'he gas 
is at once evolved. The experiment com- 
I>leted, the liquid is poured from the bottle, 
replaced by a little clean water, and the 
apparatus is again ready for use. 

Potassium heated in hydrogen sulphide 
bums with great energy, becoming converted 
into sulphide, while pure hydrogen remains, 
equal in volume to the original gas. Taking 
this fact into account, and comparing the 
density of the gas with those of hydrogen and sulphur vapour, it 
appears that every volume of hydrogen sulphide contains one 
volume of hydrogen and half of a volume of sulphur-vapour, the 
whole condensed into one volume, a constitution precisely analo- 
gous to that of water- vaj>our. This corresponds with its com- 
position by weight, determined by other means — namely, 16 parts 
sulphur and one part hydrogen. • 

When a mixture of 1(X) measures of hydrogen sulphide and 150 
raeiisures of pure oxygen is explo<led by tlie electric spark, complete 
combustion ensues,' and 100 measures of sulphurous oxide gas 
result 

Hy<lrogen sulphide is a frequent product of the putrefliction of 
organic matter, lK>th animal and vegetable ; it occurs also in certain 
miiieml springs, as at Harrogate and elsewhere. When acci- 
dentilly ]>resent in the atmosjdiere of an apartment, it may be 
instantaneously d<*st roved by a small quantity of chloiine gas. 

There are few re-agt‘nts of greater value to the practical chemist 
than this substance ; when brought in contact with many metallic 
solutions, it gives rise to precipitates, which are often exceedingly 
chamcteristic in appearance, and it fre<iuently aflfortls the means of 
separating metals from each other with the greatest precision and 
certiinty. The precipitates simken of are insoluble sulphides, 
fonned by the mutual decomirosition of the metallic oxides or 
chlorides and hydrogen sulphide, water or hydrochloric acid being 
produced at the same time. All tne metals are, in fact, precipitated, 
whose sulphides ara insoluble in water and in dilute aculs. 

Arsenic and cadmium solutions thus treated give bright yellow 
precipitates, the former soluble, the latter insoluble, in ammonium 
sulphide : tin-salts mve a brown or a yellow precipitate, according 
as the metal is in tne form of a stannous or a stannic salt ; botn 
soluble in ammonium sulphide. Antimony solutions mve an 
orange-red precipitate, soluble in ammonium sulphide. Copper, 
lead, bismuth, mercury, and silver salts give dark-brown or bl^k 
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precipitates, insoluble in animoniiim sulphide ; gold and platinum 
salts, black precipitates, soluble in ammonium sulj)hide. 

Hydrogen sulphide possesses the properties of an acid ; its solu- 
tion in water reddens litmus-paper. 

The best test for the presence of this compound is paper wetted 
with solution of lead acetate. This salt is blackened by the small- 
est trace of the gas. 

Hydrogen disulphide^ H 2 S 2 . — This substance corresponds in con- 
stition and instability to the hydrogen dioxide ; it is prepared by 
the following means ; — 

Equal weights of slaked lime and flowers of sulphur are boiled 
with 5 or 6 parts of water for half an hour, whereby a deep orange- 
coloiu'ed solution i^uoduced, containing among other tlnngs, cal- 
cium disulphide. Tnis is filtered, and slowly t^ded to an excess 
of dilute sulphuric acid, Avith constant agitation. A Avhite preci- 
pitate of separated sulj)hur and calcium sulphate makes its appear- 
ance, together Avith a quantity of yellow oily-looking matter, which 
collects at the bottom of the vessel : this is hydrogen disulphide. 

The reaction Avhich ensues when calcium hydrate, sulphur, and 
Avater are boiled together is rather complex, disulphide or penta- 
sulphide of calcium being formed, together with calcium thiosul- 

E hate, arising from the tinnsfer of the oxygen of the decomposed 
me to another portion of sulphur : 

3CaO -f Se « 20^8^ + CaS 203 . 

The calcium disulphide, decomposed by an acid under favour- 
able circumstances, yields a calcium salt, hydrogen disulphide, and 
free sulphur : 

CaSs + H 2 SO, = H 2 S + CaSO^ + S, 

When the acid is poured into the sulphide, sulphuretted hydro- 
gen, AA^ater, and calcium sulphate are produced, Avhile the excess 
of siiljihui’ is throAAm doAAm as a fine Avhite poAvder, the “precipitate4l 
sulphur’^ of the Phanuacopmia. When the object is to prepai'e 
the latter substance, hydrochloric acid must Ije used in place of 
sulphuric acid. 

If the experiment be conducted by pouring the acid into the 
solution of the siil])hide, then nothing but finely divided precijii- 
tated sulphur is obtained. 

The disulphide is a yelloAv, viscid, insoluble liqui<l, exhaling the 
odour of sulphuretted hydrogen; its specific jpavity is It 

is slowly dec4>in|)osed, even in the cold, into siuphur and hydrogen 
monosiilphide, and instantly by a higher lemperature, or by contact 
with many metallic oxides. 

Carbon and Sulphur, 

Carbon Disulphide or Bisulphide, CSg.— A Avidc porcelain 
tube is filled with pieces of charcoal which have b^n recently 
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heated to redness in a covered crucible, and fixed across a furnace 
in a slightly-inclined position. Into the lower extremity a toler- 
ably wicle tube is secured by the aid of a cork : this tube bends 
downwards, and passes nearly to the bottom of a bottle filled with 
fragments of ice and a little water. The porcelain tube being 
Jlieated to bright redness, fra^nents of sulpnur are thrown into 
the open end, which is immediately uiterwards stopped by a cork. 
The sulphur melts, and becomes converted into vapom*, which at 
that high temperature combines with the carbon, forming an 
exceedingly volatile compound, which is condensed by the ice and 
collects at tlie bottom of the vessel. This is collected and redis- 
tilled at a very gentle heat in a retort connected with a good con- 
denser. 

For preparation on the large scale, a tubulated earthen retort is 
filled with charcoal, and the sulphur is dropped in through a 
])orcelain tube passiim througli the iulmlus and reaching nearly to 
the bottom ; or the cnarcoal is contained in a large iron cylinder, 
and the sulphur introduced througli a pipe fitted into the lower 
part. 

Carbon disulphide is a transparent, colourless liquid of ^eat 
refractive and dispersive power. Its density is 1-272, that of its 
vapour is 2-67. It lioils at 43% and emits vapour of considerable 
elasticity at common temperatures. It has a very repulsive 
odour. When set on fire in the air, it burns with a blue 
flame, forming carbon dioxide and sulphur dioxide ; and when 
its vapour is mixed with oxygen, it becomes explosive. Carbon 
disulpnide, when heated with water in a sealea tube to about 
is converted into carlxm dioxide and hydrogen sulphide. 
In contact with nascent hydrogen (when heated with zinc and 
dilute sulphiu'ic acid), it is converted into a white crystalline sub- 
stance, having the composition CHoS, ciystallising in sejuare prisms, 
insoluble in water, alcohol, and ether, but soluble in carbon disul- 
phide, subliming at Ibify and decomposing at 200°. Carlxm disul- 
phide freely dissolves sulphur, and by spontaneous evaporation 
deposits the latter in Ixautiful erj stals ; it also dissolves phosphorus, 
iodine, camphor, and caoutchouc^ ami mixes easily with oils. It 
is extensively used in the vulcanisation of caoutchouc, and in the 
manufacture of gutta iierclia ; also for extracting bitumen from 
mineral substances, and oil from seeds. 

Carbon disulphichi unites with metallic sulphides, forming salts 
called sulphocarbo nates, which have the composition of car- 
bonates with the oxygen replaced by sulphur. 

Calcium carbonate, CaC03 — CaO.COj 

Calcium sulphocarbonate, CaCS3 = CaS^CSg 
Hydrogen sulphocarbonate, H2CS3 » H3S.CS2 

By treating the ammonium salt with dilute sulphuric or hydro- 

o 
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chloric acid, an oily acid liquid is precipitated, consisting of hydro-* 
gen sulphocarbonate, or sulphocarbonic acid. 

Compotiyids of Snlphtir with Chlorine^ 

When dry chlorine is passed over the surface of sulphur kept 
melted in a small glass retort connected with a good condensing 
arrangement, a deep orange-yellow mobile liquid distils over, 
having a peculiar ancl disagreeable odour, and boiling at 136®. As 
this substance dissolves both sulphur and chlorine, it is not easy 
to obtain it in a pure and definite state. It contains 32 parts sul- 
phur and 35*5 chlorine, anti is called s^ilphur vionochlorule (or 
chlori/h)y also chlorine bisulphide^ S 2 CI 2 . 

It is instantly decomposed by water, hydrochloric and thiosul- 
phuric acids being formed, and sulphur separated, and the thiosul- 
phuric acid in its turn decomposing into sulphur and sulphurous 
acid: 

2 S 2 CI 2 + SH^O = 4HC1 + S. + HsS^OgCor H 2 SO 3 + S). 

By exposihg the above compound for a considerable time to the 
action of chlorine, and then distilling it in a stream of the gas, a 
deep-red liquid is obtained, at a certain stage of the distillation, 
heavier than water, boiling at 164®, and containing twice as much 
chlorine as the monochloride, hence called stilphur dichloritle or 
chlorine monosulphide^ SCI 2 . It appears, however, to be not a 
definite compound of sulphur and chlorine, but a mixture of the 
preceding with the following compound. 

A compound called sulphur tetrachloride^ SCI 4 , containing 32 
parts of sulphur to 142 parts of chlorine, appears to exist in com- 
bination with certain metallic chlorides, but is not known in the 
separate state. According to Carius,* the red-brown liquid, 
obtained as above mentioned by saturating chlorine disulphide 
with chlorine, is a mixture of the monochloride and tetrachloride 
in various proportions, according to the temperature at which the 
saturation is effected. 

Carbon Oxychloride, COCI 2 . — This compound, also called 
phosgene gas^ has been already mentioned. It is produced by the 
ilirect combination of chlorine and carbon monoxide under the 
influence of sunshine ; but is more easily prepared by passing car- 
bon monoxide into boiling antimony pentacdiloride. It must be 
received over mercuiy, as water decomposes it. When pure, it 
condenses to a liquid at 0 ®, or more quickly at the temperature 
of a mixture of ice and salt. 

Carbon Sclphochloride, CSClg. — This compound, the sul- 

♦ Ann. Ch. Pharm. cvi. 291 ; cx, 209 ; see also Wattses Dictionary of 
Ciiemistry,^ v. 533. 
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phur analogue of the preceding, is produced, together with chlorine 
monosulphide, by the action of dry chlorine on carbon disulphide, 
CSg + CI 4 « SCI 2 + CSClg, or by passing a mixture of hydrogen 
sulphide and vapour of carbon tetrachloride through a red-hot tube, 
CCI 4 4* H 2 ® 2HC1 + CSClo. It i a yellow liquid having a 
very irritating odour, not acted upon by water or acids, but decom- 
posed by potash, yielding potcussium sulphide, potassium carbonate, 
and carlx)n tetrachloride : 

2 CSCI 2 + 3 K 2 O - 2K^S + K 2 CO 3 4 CCI 4 . 

Sulphur and Bromine. — Bromine dissolves sulphur, forming 
a brown red liquid probably containing a sulphur bromide analo- 
gous to sulphur monochloride ; but it has not l>een obtained pure. 

Sulphur and Iodine. — These elements combine when heated 
together, even under water. The resulting compound, S 2 l 2 > 
containing 32 parts of sulphur and 127 parts of iodine, is a 
blackish -gr<w radio-crystalline mass, resembling native antimony 
sulphhle. It decomposes at higher temperatures, gives off iodine 
on exposure to the an‘, and is insoluble in water. By heating 254 
parts of icKliue with 32 parts of sulphur, a compound is obtained 
which smells like iodine, and is said to be a powerful remedy in 
skin diseases. A cinnabar-ixid sulphur iodide is obtained, accord- 
ing to Grosounli, by pi*ecipitating iodine trichloride vith hydrogen 
sulphide. 


SELENIUM. 

Atomic weight, 79*4 ; symbol, Se. 

This is a very rare substance, much resembling sulphur in its 
chemical relations, and found in association with that element in 
some few localities, or replacing it in certain metallic combinations, 
as in the lead seleiude of Clausthal in the Hartz. 

Selenium is a reddish-brown solid body, somewhat translucent, 
and having an imperfect metallic lustre. Its specific gravity, 
when rapidly cooled after fusion, is 4’3. At 100 ®, or a little above, 
it melts, and boils. It is insoluble in water, and exhales, when 
heated in the air, a peculiar and disagreeble odour, which has been 
compared to that of decaying horse-radish : it is insoluble in alcohol, 
but dissolves slightly in carbon bisulphide, from which solution 
it crystallises. 

Two oxides of selenium are known. The one containing the 
smallest proportion of oxygen is formed by the imperfect combus- 
tion of selemum in air or oxygen gas. It is a colourless gas which 
is the source of the peculiar horse-radish odour above mentioned. 
Its composition is not known. 

The higher oxide, Se 02 , called selenious oxide, is produced 
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by burning selenium in a stream of oxygen gas ; it contains 79*4 
parts, by weight, of selenium, and 32 of oxygen. It is a white solid 
substance which absorbs w’ater rapidly, forming a hyckate, viz. — 

Water. 
+ 18 

This acid, H 9 Se 03 or HgO.SeO^ analogous in composition and 
properties to sulphurous acid, is likewise produced by dissolving 
selenium in nitric or nitromuriatic acid. It is deposited from its 
hot aqueous solution by slow cooling in prismatic crystals like 
those of saltpetre ; but when the solution is evaporated to dry- 
ness, the selenious acid is resolved into water and selenious oxide, 
which sublimes at a higher temperature. 

Selenious acid is a very powerful acid, approximating to sul- 

S huric acid in the energy of its reactions. It reddens litmus, 
ecomposes carlionates with effervescence, and decomposes nitrates 
and chlorides with aid of heiit. Its solution precipitates lead and 
silver salts, and is decomposed by hydrogen sulpnide, jdelding a 
precipitate of selenium sulphide: H 2 Se 03 -f- 2 H 2 S = SHgO + SeSjj. 

The metallic selenites resemble the sulphites. When heated 
vdth sodium carbonate in the inner blow-pipe flame, they emit 
the characteristic odour of selenium. They are not decomposed 
by boiling with hydrochloric acid. 

Selenic acid, HgSeC)^, is a more highly oxidised acid of 
selenium, analogous to sulplnmc acid, and containing 79*4 parts, 
by weight, of selenium, 64 of oxygen, and 2 of hydrogen. The 
corresponding anhydrous oxide is not known. Selenic acid is 
prepared by fusing potassium or sodium nitrate with selenium, 
precipitating the selenate so produced with a lead salt, and then 
decomposing the compound with hydrogen sulpliide. The acid 
strongly resembles oil of vitriol ; but, when very much concen- 
trated, decomposes, by the application of heat, into selenious acid 
and oxygen. The selenates l)ear the closest analogy to the sul- 
phates in almost everj^ particular. They are decomposed by boil- 
ing with hydrochloric acid, chlorine being evolved and a salt of 
.selenious acid being produced. 

Hydrogen Selenide ; Selenhydric Acid ; Selenetted 
Hydrogen, H^Se. — ^This substance is produced by the action of 
dilute sulphuric acid upon potassium or iron selenide. It very 
much resembles sulphuretted hydrogen, being a colourless gas, 
freely soluble in water, and decomposing metallic solutions like 
that substance : insoluble selenides are thus produced. This gas 
is said to act very powerfully upon the lining membrane of the 
nose, exciting catarrhal symptoms, and destroying the sense of 
smell It contains 79*4 parts selenium and 2 parts hydrogen. 


Seleninm. Oxygen. Hydrogen. 


Selenious acid, or > 
Hydrogen selenite, f 


79*4 


48 + 


Selenious 
or vA i 
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TEIiLUBXUlC. 

Atomic weight, 128 ; symbol, Te. 

This element possesses many of the characters of a metal, but it 
bears so close a resemblance to selenium, both In its physical pro- 
perties and its chemical relations, that it is most apprtmriately 
placed in the same group with that bodjr. Tellurium is found in 
a few scarce minerals in association with gold, silver, lead, and 
l>ismuth, apparently replacing sulphur, and is most easily extracted 
from the bismuth sulpho-telluride of Chemnitz in Hungary. The 
finely-powdered ore is mixed with an equal weight of dry sodium 
carbonate, the mixture made into a paste with oil, and heated to 
whiteness in a closely covered crucible. Sodium telluride and 
sulphide are thereby produced, and metallic bismuth is set free. 
The fused mass is dissolved in water, and the solution freely 
exposed to the air, when the sotlium and suliihur oxidise to sodium 
hydrate and thiosulphate, while the tellurium separates in the 
metallic sbite. 

Tellurium has the colour and lustre of silver ; by fusion and 
slow cooling it may be made to exhibit the form of rhombohedral 
crystals similar to those of antimony and arsenic. It is brittle, 
and a comparatively bad conductor of heat and electricity : it has 
a density of 6’2(), melts at a little below a red-heat, and volatilises 
at a higher temiwrature. Tellurium bums when heated in the 
air, and is oxidised by nitric acid. 

Tellurium forms two oxides, analogous in composition to the 
oxifles of 8ulj)hur, and likewise fonning acids by combination 
with water. 

CoiTiposition by weight. 








N 


FonTiula. 

Hydrogen. 

Tellurium. 

Oxygen. 

Tellurous oxide, 

TcOa 



128 + 

32 

acid, 

HjTeO, 

2 


123 + 

48 

Telluric oxide, 

TeOg 



128 + 

48 

acid, 

HjTeO^ 

2 


128 + 

64 


Tellurous O.XIDE may be preimred by heating the nrccipita^ 
acid to low redness. It also separates in semi-crystalline grains 
from the aqueous solution of the acid vrhen gently heated ; more 
abundantly and in well-defined octohedrons from the solution of 
tellurous acitl in nitric acid. It is fusible and volatile, slightly 
soluble in water, but does not redden litmus. When fused witli 
alkaline hydrates or carbonates, it forms tellurites. 

Tellurous Acid is best obtained by decomposing tellurium 
tetrachloride with water. ' It may also oe prepared by dissolving 
tellurium in nitiic acid of sp. gr. 1*25, and pouring the solution. 
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after a few minutes, into a mass of water. By either process it is 
obtained as a somewhat bulky precipitate, which, when dried over 
oil of vitriol, appears as a light, white, earthy mass, having a 
bitter metallic taste. It is slightly soluble in water, more easily 
soluble in alkalies and acids, the nitric acid solution alone being 
unstable. Sulphurous acid, zinc, phosphorus, and other reducing 
agents, precipitate metallic tellurium n*oin the acidified solution 
of tellurous acid. Like selenious acid, it is decomposed by hydro- 
^n sulphide and alkaline sulph-hydrates, with formation of a 
dark-brown tellurium sulphide, which dissolves readily in excess 
of alkaline sulph-hydnrte, forming a sulpho-tellurite. 

Tellurous acid is a hydrate in which the acid and basic ten- 
dencies are nearly balanced ; in other words, the tellurium of the 
compound can replace the hydrogen of an acid to fimn tellurous 
salts, and the hydrogen of the compound can be replaced by the 
basylous metals, to form metallic tellurites. 


Tellurium Salts. 
Te(SO^)2 Sulphate. 

Te(N()3)4 Nitnite. 

Te{C204 ) j Oxalate. 

TeCl^ Chloride. 


Tellurites. 

HjjTeOa Hydrogen tellurite. 

K./feO^ Potassium tellurite. 

HKTeOa Hydrogen and potas- 

sium tellurite. 

H3K(Te03)2 Trihydropotaasic tel- 
lurite. 


The tellurites of potassium, sodium, barium, strontium, and cal- 
cium, are formed by fusing tellurous oxide, or acid, with the 
carbonates of the several metals in the requiretl proportions. 
These tellurites are all more or less soluble in water. The tellu- 
rites of the other metals, which are insoluble, are obtained hy 
precipitation. 

Telluric Oxide and Acid. — Equal parts of tellurous oxitle 
and sodium carbonate are fused, ana the protluct is dissolved in 
water ; a little sodium hydrate is added, and a stream of chlorine 
passed through the solution. The licjuid is next saturated with 
ammonia, and mixed with solution of barium chloride, by which 
a white insoluble precipitate of barium tellurate is thrown down. 
This is washed and dige 8 te<l with a quarter of its weight of sul- 
phuric acid, and diluted with water. The filtered solution gives, 
on evaporation in the air, large crj^stals of telluric acid, which 
have the composition, H2Te04,2H.>0. 

Cfrystallised telluric acid is freely, although slowly, soluble in 
water: it has a metallic taste, and reddens litmus-paper. The 
crystals give off their water of crystallisation at 100 ®, and the 
remaining acid, HoTeO^, when strongly heated, gives off more 
water, and yields the anhydrous oxide, TeOa, which is then insol- 
uble in water, and even in a b<iiling alkaline liquid. At the 
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temperature of ip;nition, telluric oxide loses oxygen, and ^ses 
into tellurous oxide. 

The tellurates of the alkali-metals are soluble in water, and are 
prepared by dissolving the required quantities of telluric acid and 
an alkaline carbonate in hot water. The other tellurates are 
insoluble, and are obtained by precipitation. 

The composition of the alMine icllurates is exhibited by the 
following formula : — 


Neutral or Bipotassic 
tellurate, .... 

Acid or Hydro-potassic 
telliuate, .... 

Quatlracid or Trihydiu- 
potassic tullurate, . 

Anhydixius quadritel- 
lurate, .... 


I KjTeO^ or KjO.TeOj 

HKTeO* or H20.K20.2TeP3 

HKTeOi.H^TeO^ or 3H2O.K2O.4TeO.., 
I K2Te04.3Te03 or K20.4Te03 


TEiiLUUiUM SuLrHrDE.s. — Tellurium forms two sulphides, TeS, 
and TeSj, analogous in composition to the oxi<les ; they are forme<t 
by the action of hydrogen sulphwle on solutions of tellurous acid 
and telluric acid respectively. They are brown or black sub- 
stances, which unite with metallic sulphides, forming salts calleil 
sulphotellurites and sulphotellurates. 

Hvdrooen Telluhidb, H^Te. — Tellurhydric acid, Hydrotelluric 
acid, or Telluretted Hydroyi u , — This compound is a gas, resembling 
sulphuretted and seleniette<l hv«lrogen. It i.s prepared by the 
action of hydrochloric acid on zinc telluride. It dissolves in water, 
forming a colourle.ss liquid, which jirecijntates most metals from 
their solutions, and deposits tellurium on exposure to the air. 

Tellurium C'hixirideh. — Tellurium forms a dichloride, TeClj, 
and a tetrachloride, TeCI,, InRh volatile and decomposable by 
excess of water, the latter Ixdng completely resolved into tellurous 
and hydrochloric acids : 

TeCl4 + 3II2O = 4HC1 + H2Te03. 

The tetrachloride unites with the chlorides of the alkali-metals, 
to form cry-stallisable double salts. 


* The hromidea and iodides of tellurium correspond to the chlorides 
in properties and composition. 
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BORON. 

Atomic weight, 11; symbol, R 

This element, the basis of boric or boracic acid, is prepai*ed by 
heating the double fluoride of boron and potassium with metallic 
potassium in a small iron vessel, and washing out the soluble salta 
>vith water. It is a dull, greenish-brown powder, which bums in 
the air when heated, producing boric oxide. Nitric acid, alkalis 
in the fused state, chlorine, and other agents, attack it readily. 

By a process analogous to that adopted for the preparation of the 
diamond variety of silicium (p. 218), Wohler and Deville have pro- 
cured also the corresponding modification of boron. It crystallises 
in square octohedrons, generally of a brownish colour, possessing 
very nearly the hardness and refiactive power of diamond. It is 
infusible in the flame of the oxy-hydrogcn blow-pipe, but burns in 
oxygen at the same temperature at which the diamond is oxidised. 
Its specific gravity is 2 ' 68 . 

By fusing bone oxide with aluminium, Wohler and Deville 
likewise obtained, together with diamond boron, a small quantity 
of a graphite-like substance which they at first regaided as a 
graphitoidal modification of boron ; but by more recent experi- 
ments, they have found that it is a compound of boron with 
aluminium. This compound is obtained in larger quantity by 
passing the vapour of boric chloride over fused aluminium. It 
crystallises in thin opaque six-sided plates, having a pale copper- 
colour, and perfect metallic lustre. 

Boric Oxide and Acid. — Them is but one oxide of boron, 
namely, boric oxide, B 0 O 3 , containing 1 1 parts of boron and 48 of 
oxygen. It unites with water and metallic oxides, forming boric 
acid and metallic borates. 

Boric or Boracic Acid^ or Hydrogen Borate^ H 3 BO 3 or 3 H 2 O.B 2 O 3 , 
contains 11 parts boron, 48 oxygen, and 3 hydrogen, or 7 i)arts 
boric oxide, and 54 water. It is lound in solution in the w'ater of 
th^ot volcanic lagoons of Tuscany, whence a large supply is at 
present derived. It is also easily made by decomi>osing with sul- 

f huric acid a hot solution of borax, a salt brought from the East 
ndies, consisting of sodium borate. 

Boric acid crystallises in transparent colourless plates, soluble 
in about 25 parts of cold water, and in a irmch smaller quantity 
at the boiling heat ; the acid has but little taste, and feebly affects 
vegetable colours. When heated, it loses Water, and inelts to a 
glassy transparent mass of anhydrous boric oxide, which dissolves 
many metallic oxides with great ease. The crystals dissolve in 

alcohol, and the solution bums with a green flame. 

Glassy boric oxide in a state of fusion requkes for its dissipation 
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in vapour a very intense and long-continued heat ; the aqueous 
solution cannot, however, be evaporated without very appreciable 
loss by volatilisation: hence it is probable that the acid is far 
more volatile than the anhydrous oxide. 

Boron Nitrtdk, BN. — Tliis compound, containing 11 parts of 
boron and 14 of nitrogen, is produced by heating boric oxide with 
metallic cyanides, or by heating to bright redness a mixture of 
sal-ammoniac and jaire anhydrous borax, or sodium biborate, 
Na20.2B203 : 

Na20.2B203 + 2NH4CI = 2BN + B2O3 + 2NaCl + 4H2O . 

It is a white amorphous powder, insoluble in w^ater, infusible and 
non-\ olatile. When heated in a current of steam it yields am- 
monia and boric oxide : 2BN ^ 3H.>0 = 2NH3 BgOg, and like- 
wise gives off a large quantity of ammonia Avhen fused with 
potaslx. 

Boron Chloride, BCI3, was formerly believed to be a permanent 
gas ; but recent researches have proved that it is a liquid, boiling at 
17^, decomposed by water, with production of boric and hydro- 
chloric acicls, and "fuming strongly in the air. It is most easily 
obtained by exposing to the action of dry chlorine at a very 
high tempemture an intimate mixture of glassy lx>ric oxide ancl 
charcoal. 

There is also a Boron Bromide of similar constitution. 

Boron Fluoride, BF3, is obtained by heating in a glass flask 
or retort 1 part of vitrified boric oxide, 2 of fluor-spar, and 12 of 
oil of vitriol. It is a transparent gas, very soluble in water, very 
heavy, and forming dense fumes in the air. 


SILIOIXTU:. 

Atomic weight, 28 ; symbol. Si. 

SiLiciUM, sometimes called silicon, in union with oxygen consti- 
tuting silica or the earth of flints, is a very abundant substance, 
and one of great importance. It enters largely into the composi- 
tion of many of the rocks and mineral masses of which the surface 
of the earth is composed. The following process yields silicium 

most readily. The double fluoride of silicium and potassium is 
heated in a glass tube with nearly its own weight of metallic 
potassium ; violent reaction ensues, and silicium is set free. When 
cold, the contents of the tube are put into cold water, which 
removes the saline matter and any residued potassium, and leaves 
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the ttiliwuii untouched* So prepaied, silicium is ft datkrhrowu 
powder^ destitute of lustre. Heated in the air, it bun^ and 
oecomes superficiallF converted into silica. It is also acted upon 
by sulphur and by cmorine. When silicium is strongly heated in 
ft covered crucible, its properties are greatly changixl ; it becomes 
darker in colour, denser, and incombustible, reusing to bum 
even when heated by the flame of the oxy-hydrogen blow-pipe. 

' Silicium, like carbon, is cajmble of existing in three different 
modifications. The modification above mentioned corresponds 
to the amorphous variety of carbon (laiin)-l)lack). The re- 
searches of Wohler and Deville have established the existence 
of modifications corresponding to the diaiuoiul, and to the 
graphite variety of carbon. The diamond intxlification of sili- 
cium is moat readily obtained by intrtKlncing into a red-hot 
crucible a mixture of 3 parts of ]>otassiiim silico-fluoride, 1 put 
of sodiimi in small fragments, aiHl 1 part of gi*aiiulate<l zinc, 
and heating to perfect fusion. On slowly cooling, there is formed 
a button of zinc, covered and intersjHii-sed with needle-shaped 
crystals ccnsisting of oetohedrons joine*! in the ditvction of the 
axis. This crystalli^i^d silicium, wiiicli may In? readily freed 
from zinc by treatment with acids, resembles crystallistHl ba^njatite 
in colour and api>earance : it scratches glass, and fuses at a tem- 
perature approaching the melting-point of cast iron. The graphite, 
modification of silicium is nrej^ared by fusing, in a Hessian 
crucible, 5 parts of soluble jnass (potassium silicate). It) parts of 
cryolite (sodium and aluminium fluoride), and 1 pari of alumi- 
nium. On treating the resulting button of alumi- 
nium with hydrochloric acid, the silicium ixnnains 
in the form of scaly crystals, resembling graphite, 
but of somewhat brighter colour, scratching glass, 
like the previous moclificatioii. It is infusible. Its 
specific gravity is 2-49. 

Silica, or Silicic Oxide, SiOj. — This is the 
only known oxide; it contains 28 jiarts silicium 
and 32 parts oxygen. Colourless transparent rock- 
crystal consists of silica very nearly pure; com- 
mon quartz, agate, chalcedony, flint, and several 
other minerals, are also cliieny composed of this 
substance. 

The experiment about to be described furnishes 
silica in a state of complete purity, and at the same 
time exhibits one of the most remarkable properties 
of silicium, namely, its attraction for fluorine. A 
mixture of equal parts of fluor-spar and glass, both finely pow- 
der^ is introduced into a glass flask, with a quantity of oil of 
vitriol. A tolerably wide bent tube, fitted to the flask by a cork, 
passes to the bottom of a glass jar (fig. 115), into which enough 
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mercury i« poured to cover the extremity of the tube. The jar ie 
then half filled with water, and heat ia applied to the flask. 

.The first eflect is the disenj^igement of* hydrofluoric add: 
this substance, however, finding itself in contact with the silica 
of the powdered glass, undergoes decomposition, water and 
silicium fluoride being produced. The latter is a parmanent 
gas, which escapes from the flask by the bent tube. By contact 
with a large quantity of water, it is in turn decomposed, yielding 
silica, which separates in a beautiful gelatinous condition, and an 
acid liquid, which is a double silicium and hydrogen fluoride, 
4HF.SiF4, commonly called hydrofluosUicic or silico-fluoric acid, 
thus — 

(1.) Reaction of hydrofluoric acid wdth silica: 

4HF + SIO^ = 2 H 2 O + SiF^. 

(2.) Decomposition of silicium fluoride by w^ater: 

SiF^ + 2 H 2 O = Si02 4- 4HF.SiF4 . 

The silica may be collected on a cloth-filter, well washed, dried, 
and heated to re<lneHs to expel water. 

The acid lic^uid is kept as a test for barium and potassium, with 
which it forms nearly insoluble precipitates, the double fluoride of 
silicium and potassium being used, as w’as stated, in the prepara- 
tion of silicium. Silicium fluoride, SiF 4 , instead of Ixjing con- 
densed into water, may be collected over mercury : it. is a per- 
manent gas, destitute of colour, and very hea\y. Admitted into 
the air, it condenses the moisture of the latter, giving rise to a 
thick white cloud. It is important in the cxj)eriment alx>ve 
described to keep the end of the delivery-tube from touching the 
W'ater of the jar, otherwise it almost instantly becomes stopped : 
the mercury effects this object. 

Pure silica may also be prepared by another method, w’hich is 
very instructive, inasmuch as it is the basis of the proceeding 
adopted in the analysis of all siliceous minerals, Pow'dered rock- 
crystal or fine sand is mixed with about three times its w^eight of 
dry sodium carbonate, and the mixture fused in a platinum 
crucible. When cold, the glassy mass is boiled with water, by 
which it is softened, and almost entirely dissolved. An excess of 
hydrochloric acid is then ailded to the filtered liquid, and the 
whole evaporated to complete dryness. By this treatment the 
gelatinous silica thrown down by the acid becomes completely 
insoluble, and remains behind when the dry saline mass is treated 
with acidulated water, by which the alkaline salts, alumina, ferric 
oxide, lime, and many other bodies which may happen to be 
present, are removed. The silica is washed, dried, ana heated to 
redness. 

The most prominent characters of silica are the following ; — It 
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is a very fine, white, tasteless powder, having a density of about 
2*66, fusible only by the oxydiydrogen blow-pipe* When once 
dried, silica is not sensibly soluble in water or dilute acids (with 
the exception of hydrofluoric acid). But on adding hydrochloric 
acid to a very dilute solution of potassium silicate, the liberated 
silica remains in solution. From this mixed solution of silica and 
potassium chloride, the latter may be separated by diffusion (comp, 
p. 140), whereby a moderately concentrated solution of silica in 
water is obtained. This solution has a distinctly acid reaction ; it 
presents, however, but little stability. When kept for some time, 
it gelatinises, the silica separating in the insoluble modification. 
The same effect is produced by the addition of a few drops of 
sulphuric or nitric acid, or of a solution of salt. 

Silica is essentially an acid oxide, forming salts with basic 
metallic oxides, and decomposing all salts of volatile acids when 
heated with them. In strong alkaline liquids it is freely soluble. 
When heated with bases, especially those which are capable of 
undergoing fusion, it unites with them and forms salts, wnich are 
sometimes soluble in w^ater, as in the case of the potassium and 
sodium silicates, when the proportion of base is considerable. 
Common glass ivS a mixture oi several silicates, in which the reverse 
of this happens, the silica being in excess. Even glass, howeve^r, is 
slowly acteil upon by water. 

Finely divided silica is highly useful in the manufacture of 
porcelain. 

SiLiciuM Hydride, or Silicated Hydrogen, was discovered 
by Buff and Wohler, who obtained it by passing an electiic 
current through a solution of sodium chloride, the positive pole 
employed consisting of aluminium containing silicium. More 
recently, Wohler and Martins produced this gas by treating mag- 
nesium containing silicium with hydrochloric acid. Both methocis 
yield silicium hydride mixed with free hydrogen. Friedel and 
Ladenburg, however, by a process which will be described further 
on, have obtained it pure, and shown that it consists of 28 parts 
by weight of silicium and 4 parts of hydrogen, answering to the 
formula SiH 4 . Silicium hydride is a colourless gas. In the 
impme state, as obtained bpr the two processes above given, it takes 
fire spontaneously on coming in contact with the air, and Imrns 
with a white flame, evolving clouds of silica. Pure silicium hydride, 
however, does not ignite spontaneously under the ordinary atmo- 
spheric pressure ; but on passing a bubble of air into the rarefied 
gas standing over mercury, it takes fire, and yields a deposit of 
amoiphous silicium mixed writh silica. On passing silicium 
hydnde through a red-hot tube, it is decomposed, silicium being 
deposited. 

<* 

CoMPouuDS OP Silicium and Chlorine. — Silicium unites 
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directly with chlorine, fomiing a tetrachloride, SiCl^, This com- 
pound is obtained by mixing finely divided silica with charcoal 
powder and oil, strongly heating the mixture in a covered crucible, 
and then exposing the mass so obtained, in a porcelain tube heated 
to full redness, to the action of perfectly d^ chlorine gas. A good 
condensing arrangement, supplied with ice-cold water, must be 
connected with the porcelain tube. The product is a colourless 
and very volatile liquid, boiling at 50°, of pungent, suffocating 
odour. In contact with water, it yields hydrocldoric acid and 
gelatinous silica. 

When hydrochloric acid gas is passed over crystallised silicium 
heated to a temperature below redness, a very volatile inflam- 
mable liquid is obtained, which, when purified by distillation, has 
the composition of silicj/iim hydrotrichloridey SiHCl 3 , containing 28 
parts silicium, 1 hydi?ogenJ^lKl 106*5 ctiTbl^ine. This compound 
IS decomposed by water, forming a white oxygenated body, pro- 
bably silicium hydrotrioxide^ Si 2 H 20 ^, which by prolonged contact 
with water is further decomposed, with evolution of hydrogen and 
fonnation of silica. 

A mixture of silicium hydrotrichloride and bromine heated to 
100° in a closed vessel becomes dark coloured, and is converted 
into the bromotrichloride, SiBrCl 3 . 

Silicium tetrabromidey SiBr 4 , obtained like the tetrachloride, 
resembles that compound, but is less volatile. 

Silicium Fluoridcy SiF 4 , has been already described (p. 219). 


PHOSPHORUS. 

Atomic weight, 31 ; symbol, P. 

Phosphorus in the state of phosphoric acid is contained in the 
ancient unstratified rocks and in lavas of modem origin. As these 
disintegrate and crumble down into fertile soil, the phosphates 
pass into the organism of plants, and ultimately into the booies of 
the animals to which the plants serve for food. The earthy 
phosphates play a very important part in the structure of the 
animal frame, by communicating stiffness and inflexibility to the 
bony skeleton. 

Phosphorus was discovered in 1669 by Brandt, of Hamburg, 
who prepared it from urine. The following is an outline of the 
process now adopted : — Thoroughlv calcined bones are reduced to 
powder, and mixed with two-thirds of their weight of sulphuric 
acid diluted with a considerable quantity of water : this mixture, 
after standing some hours, is filtered, and the nearly insoluble 
calcium sulphate is washed. The liquid is then evaporated to a 
syrupy consistence, mixed with charcoal powder, and the desicca- 
tion IS completed in an iron vessel exposed to"' a high temperature. 
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When quite dry, it is transferred to a stoneware retort to which a 
wide bent tube is luted, dipping a little way into the water con- 
tained in the receiver. A narrow tube serves to give issue to the 

gases, which are conveyed to a chimney. 

Fig. 116. This manufacture is now conducted on 

a very large scale, the consumption of 
phosphorus, for the apparently trifling 
article of instantaneous-light matches, 
being something prodigious. 

Phosphorus, 'vsmen pure, very much 
resembles in appearance imperfectly 
bleached wax, and is soft and flexible at 
common temperatures. Its density is 
1*77, and that of its vapour 4*35, air 
being unity, or 62 referred to hydrogen 
as unity. It melts at 44°, and boils at 
280°. *On slowly cooling melted phos- 
phorus, well formed dodecahedrons are 
sometimes obtained. It is insoluble in 
water, and is usually kept immersed in 
that liquid, but dissolves in oil, in native naphtha, and especially 
in carbon bisulphide. When set on fire in tne air, it burns with 
a bright flame, generating phosphoric oxide. Phosphorus is 
exceedingly inflammable ; it sometimes takes fire by the heat of 
the hand, and demands great care in its management ; a blow or 
hard rub vdll very often kindle it. A stick of phosphorus held 
in the air always aj^ars to emit a whitish smoke, which in the 
dark is luminous, ^his effect is chiefly due to a slow combustion 
which the phosphorus undergoes by the oxygen of the air, and 
upon it depends one of the methods employed for the analysis of 
air, as already described. It is singular that the slow oxidation of 
phosphorus may be entirely prevented by the presence of a small 
quantity of olefiant gas, or the vapour of ether, or some essential 
oil ; phosphorus may even be distilled in an atmosphere contain- 
ing vapour of oil of turpentine in considerable quantity. Neither 
does the action go on in pure oxygen — ^at least, at the temperature 
of 15*6°, which is very remarkable ; but if the gas be rarefied, or 
diluted with nitrogen, hydrogen, or carbonic acid, oxidation is set 
up. A very remarkable modification of this element is known 
by the name of amorphous phosphorus. It was discovered 
by Schrotter, and may be made by exposing common phosphorus 
for fifty hours to a temperature of 240^ to 250°, in an atmosphere 
which is unable to act chemically upon it. At this temperature 
it becomes red and opaque, and insoluble in carbon bisu^hide, 
whereby it may be separated from ordinary phosphorus. It may 
be obtained in compact masses when common phosphorus is kept 
for a week at a cq|istant high temperature. It Is a coherent, 
reddish-brown, infusible substance, of specific gravity between 
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2*089 and 2*106, It does not become luminous in the dark until 
its temperature is raised to about 200% nor has it any tendency to 
combine with the oxygen of the air. When heated to 260% it is 
reconverted into ordinary phosphorus. , 

Compounds of Phosphorm and Oxygen. 

When phosphorus is melted beneath the surface of hot water, 
and a stream of oxygen gas forced upon it from a bladder^ com- 
bustion ensues, and the phosphorus is converted in great part into 
a brick-red powder, which was formerly believed to be a peculiar 
oxide of phosphorus ; but Schrdtter has shown that it is a mixture, 
consisting chiefly of amorphous phosphorus. 

There are two deflnite oxides of phosphorus, in which the 
quantities of oxygen united with the same quantity of phosphorus 
are to one another as 3 to 5, viz. : — 

ComposUion by weight. 
Fornnila. PJiosphorus. Oxygen. 

P 2 O 3 62 + 48 

P 2 O 5 62 + 80 

Both these are acid oxides, uniting with water and metallic 
oxides to form salts, called phosphites and phosphates 
respectively; the hydrogen salts being also called phosphorous 
ana phosphoric acid. There is also another oxygen-acid of 
phosphorus, containing a snijdler proportion of oxygen, called 
hypophofsphorous acid, to which there is no corresponding 
aphydrous oxide. 

Hypophosphorous Acid, H3PO2. — When phosphorus is boiled 
with a solution of potash or baryta, water is decomposed, giving 
rise to phosphoretted hydrogen, phosphoric acid, and hypophos- 
phorous acid ; the first escapes as gas, and the two acids remain as 
oarium salts : 

-f SRiHgOg + 6 H 2 O = 3BaH4(P02)2 + 2 H 3 P 

Barium Barium nydrogcu 

hydrate. hyi>opbosphiie.' phosphide. 

By filtration the soluble hypophosphite is separated from the 
insoluble phosphate. On adding to the liquid the quantity of sul- 
phuric acid necessary to precipiiaie the base, the hypophosphorous 
acid is obtained in solution. By evaporation it may be reduced to 
a syrupy consistence. The acid is very prone to absorb more 
oxygen, and is therefore a povrerful deoxidising agent. All its 
salts axe soluble in water. 

Phosphorous Oxide, P2O3, is formed by the slow combustion 
of phosphorus in the air; or by burning that substance 
means of a very limited supply of dry air, ^ in wrhich case it is 


Phosphoius trioxide, or ) 
Phosphorous oxide, - ) 

Phosphorus pentoxide, or ) 
Phosphoric oxide, . \ 
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auliydroxis, and presents tlie aspect of a white ^wder. Phos- 
fhorom actdy H3PO3 or 3H^0.P20o, is most conveniently prepared 
by adding water to the tnchioriae of phosphorus, when mutual 
decomposition takes place, the oxygen of the water being trans- 
ferred to the phosphorus, generating phosphorous acid, and its 
hydrogen to the chlorine giving rise to iiydroclUoric acid : 

PCI 3 + 3 H 2 O == 3HC1 + H 3 PO 3 , 

By evaporating the solution to the consistence of syrup, the hydro- 
chloric acid is expelled, and the residue crystallises on cooling. 

Phosphorous acid is very deliquescent, and very prone to attract 
oxygen and pass into phosphoric acid. When heated in a close 
vessel, it is resolved into phosphoric acid and pure phosphoretted 
hydrogen gas. It is composed of 110 parts of phosphorous oxide 
and 54 parts of water, or 31 phosphorus, 48 oxygen, and 3 
hydrogen. 

The phosphites are of little importance. 

Phosphoric Oxide, P 2 O 5 (also called Anhydrous Phosphoric 
Acidj or Phosphoric Anhyd^e). — When phosphorus is burned 
under a bell-jar by the aid of a copious supply of dry air, snow- 
like phosphoric oxide is produced in great quantity. This sub- 
stance exhibits as much attraction for water as sulphuric oxide : 
exposed to the air for a few moments, it deliquesces to a liquid, 
and when thrown into water, combines wdth the latter with 
explosive violence, and is converted into; phosphoric acid. The 
water then taken up cannot again be separated. 

When nitric acid of moderate strength is heated in a retort with 
which a receiver is connected, and fragments of phosphorus are 
added singly, taking care to suffer the violence of the action to 
subside after each addition, the phosphorus is oxidised to its maxi- 
mum, and converted into phosphoric acid. By distilling off the 
greater part of the nitric acid, transferi’ing the residue in the retort 
to a platinum vessel, and then cautiously raising the heat to red- 
ness, the phosphoric acid may be obtained pure. This is the 
glacial phosphoric acid of the Pharmacopeia. 

A third method of preparing phosphoric acid consists in taking 
the acid calcium phosphate producecl by the action of sulphuric 
acid on bone-earth, precipitating it with a slight excess of ammonia 
carbonate, separating by a filter the insoluble calcium-salt, and 
then evaporating and igniting in a platinum vessel the mixed 
phosphate and sulphate of ammonia. Phosphoric acid alone 
remains behind. The acid thus obtained is somewhat impure. 

One of the most advantageous methods of preparing pure 
phosphoric acid on the large scale, is to bum phosphorus in a 
two-necked g^lass globe through which a current of dry air is 
passed : in this way the process may be carried on continuously. 
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The phosphoric oxide o1>tained may he preserved in that state, or 
couveiled into hydrate or glacial acid, by addition of water and 
subsequent fusion in a platinum vessel. ^ 

Glacial phosphoric acid, or nietaphosphoric acid, is exceed- 
ingly deliquescent, and requires to be kept in a closely stopped 
bottle. It contains 142 parts of phr phone oxid^and 18 parts of 
water, or 31 phosphorus, 48 oxygen, and 1 hydrogen, and is repre- 
sented by the formula HjjO.PjjO/., or HPO 3 . Phosphoric oxide like- 
wise unites with 2 and 3 molecules of water, forming the com- 
pounds 2 H 2 O.P 2 O 5 or H 4 P 2 G 7 and SH^O.PgOg or H 3 PO 4 , called 
respectively pyrophos]>horic acid and orthophosphoric 
acid. The last is formed by oxidising phosphorus with nitric 
acid, and by the action of water or phosphorus pentachloride : 

PCI. 4. 4H2O = 5 HC 1 + H3PO4. 

The aqueous solution evaporated to a thin syrup, and left over oil 
of vitriol, deposits orthophosphoric. acid in prismatic crystals. 
The same solution may be beated to 160° without change in the 
comjKisition of the aci<l ; but at 213° it gives otf a molecule of 
water, and is converted into pyropliosplioric acid ; and at a red- 
heat it gives off another molecule of water, and leaves metaphos- 
])horic acid. Each of these acids forms a distinct class of salts, 
oxhihiting reactions peculiar to itself. They will be described in 
connection with the general theory of siiline compounds. 

Phos])horic oxide is readily voLitiliserl, and may be sublimed 
by the heat of an oidinary spirit-lamp. The jwi<l may be fused 
in a platinum crucible at a re<lheiit ; at this tempeKiture, it evolves 
considerable quantities of va]>our, but is still far from its boiling 
j>oint. Pliosjdiorie acid is a very pr>weiful acid : being less vola- 
tile than sulphuric acid, it expels the latter at higher tcmiiera- 
tures, although it is displaced by^ sulphuric acid at common tem- 
peratures. Its sf)liition lias an intensely sour tiiste, and reddens 
litmus-iiaper ; it is not poisonous. 

Compounds of Phosphorus and Hydrogen, 

Phosphorus Tuihydride, — Phosphine. — Phosphoretteb 
Hydrogen, PII3. — This body is analogous in some of its chemical 
relations to amnioiiiacal gas ; its alkaline properties are, however, 
much weaker. 

It may be obtained in a state of purity by heating phosphorous 
acid in a small retort, the acid being then resolved into pliosphq- 
retted hydrogen and jihosphoric acid : 

4H3PO3 PH3 + 3H3PO4. 

. Thus obtained, the gas has a density of 1*24. It contains 31 
parts phosphorus and 3 parts hydrogen, and is so constitutecl tliat 
every .two volumes contain 3 volumes of hydrogen and half a 

P 
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volume of phosphoroxis vapour, comlonswr into two vt>liiines. It 
has a highly disagreeaUe odour of garlic, is slightly soluble in 
water, and burns w*ith a brilliant white flame, forming xvater and 
phosphoric acid. 

Phosphoretted hydrogen may also be produced by boiliim 
together, in a retort of small dimensions, caustic j>otiish or sluketi 
lime, water, and phosphorus : the vessel should be hlle<i to the neck, 
and the extremity ot the latter made to dip into the water of the 

S iieiunatic trough. In the reaction which ensues, the water is 
ecomposed, an<l both its elements combine with the phosphorus. 

+ 3Calip.i + 6 H 2 O = 2 PH 3 + 3CaH4P204. 
Calcium Calcium 

hydrate. hypopliosphUc. 

The phosphoi’ctted hydrogen prepared by the latter process ha.s 
the singular projH^rt y of sj>ontaneous infliuumability when admituid 
into the air or into oxygen gas; with the latter, the experiment 
is very beautiful, but re<iuires caution : the bubbles should be 
admitted singly. When kept over water for some time, the gas 
loses this projx^rty, without otherwise suffering any api)reciable 
change ; but if dried by calcium chloride, it may l>e kept unal- 
tered for a much longer time. M. Paul Thenard has shown that 
the spontaneous combustibility of the gas arises from the presence 
of the vapour of a liquid hydrogen phosphide, PH2, which can \ye 
procured in small quantity, by conveying the gas produced by the 
action of water on calcium phosphide through a tube cooled by a 
freezing mixture. This substance forms a colourless liipiid of high 
refractive powar and very great volatility. It does m^t freeze at 
(f F. (—17*8° C.) In contact with air it inflames instantly, and 
its vaj>our in very small Quantity communicates spontaneous 
inflammability to jiure pbospnoretted hydrogen, and to all other 
combustible gases. It is decomposefl by liglit into gaseous phos- 
phoretted hydrogen, and a solid phosphide, wmich is often 
seen on the inside of jars containing gas which, by exposure to 
light, has lost the property of spontaneous inflammation. Strong 
acids occasion its instantaneous decomposition. It is as unstable 
as hydrogen dioxide. It is to be obseived that pui*e phosphoretted 
hydrogen gas itself becomes spontaneously inflammable if heated 
to the temperature of boiling water. 

Phosphoretted hydrogen decomposes several metallic solutions, 
giving rise to precipitates of insoluble phosphides. With hydri- 
c(iic acid it forms a crystalline compound, PH4I, somewhat resem- 
bling sal-ammoniac. 

Compounda of Phosphorus with Chlorine. 

Phosphorus forms two chlorides, analogous in composition to 
the oxides, the quantities of chlorine combined with the same 
quantity of phospliorus being in the proportion of 3 to 6. 
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Phosphorus Trichloride or Phosphorous Chloride, PCI3, 
is prepared in the same manner as sulphur dichloride, by gently 
heating phosphorus in dry chlorine gas, the phosphorus being in 
excess ; or by jmssing the vapour of phosphorus over fragments 
of calomel (mercurous chloride) co.iLainefi in a glass tube, and 
strongly heated. It is a thin, colourless liquid, which fungies in 
the air, and has a powerful and offensive odour. Its specific 
gravity is 1*45. Thrown into water, it sinks to the bottom, and 
is slowly decomi)ose<l, yielding phosphorous acid and hydrochloric 
acid : PCI3 + 3H,0 = 3HC1 + H3PO3. 

Phosphorus Pentachloride or Phosphoric Chloride, PCl^, 
is fonned when phosj)liorus is burned in excess of chlorine. Piec^ 
of ph( spboiiis are introduced into a large tubulated retort, which 
is then filled with dry chlorine gas. The phosphorus takes fire, 
and burns with a [>ale flame, forming a white volatile crystalline 
sublimate, whitih is the pentachloride. It may be obtained in 
laiger ([uantity by passing a stream of dry chlorine gas into 
tlie liciuid trichloride, which becomes gradually converted into 
a solid crystiilline mass. Phosphorus pentachloride is decom- 

t >osed by water, yielding phosphoric and hydrochloric acids: 
>0% + 4 H 2 O = 5HC1 + H 3 PO,. 

Phosphorus Oxychloride, POCI 3 , is produced, together with 
hydrochloric acid, wiieii phosphorus pentachloride is heated with 
a quantity of water insufficient to convert it into phosphoric acid. 
It may also be prepared by distilling the pentachloride with 
dehydrated ^oxalic acid, or by distilling a mixture of phosphoru^ 
j)entachlr)ride and phosphoric oxide. It is a colomless liquid of 
sp. gr. 1 * 7 , possessing a very pungent odour, boiling at 110 °, I'eadily 
decomposed by water into hydrochloric and phosphoric acids, 

A sulphochloridc of analogous composition is produced by the 
action ot liydrogen sulphide on the pentachloride. It is a colour- 
less oily liquid, deccanposed by water. 

Two bromides of phosphorus^ an oxijbramide and a siUphobromide^ 
are known, corresponding in composition and properties wdth the 
chlorine comjiounds, and obtaineu by similar processes. 

Phosphorus forms also two iodides^ PI^ and PI3. Both are 
obtained by ilissolving phosphorus and iodine together in carbon 
bisulpliide, and cooling the liquid till crystals ai'e deposited. 
Whatever proportions of iodine and phosphorus may be used, 
these two compounds always crystallise out, mixed with excess 
either of iodine or of phosphorus. 

The di-iodide melts at 110 ^, forming a red liquid which condenses 
to a light red solid. The tri-iodide melts at 55°, and crystallises 
on cooling in well-defined prisms. Both are decomposed by water 
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yielding hydriodic and jphosphorous acids, the di-ioilide tilsD 
depositing yellow flakes oi phosphorua 
* 

Compounds of Phosjyhorus with Sulphur and Selmiuin. 

Sulphides. — ^^Vhen oitlinary jihosphonis and sulphur are heated 
together in the dry stote, or meltwl together under water, com- 
bination takes j)lace, attended with vivid coinlmstion, and often 
with violent exph)sion. When amorphous phosphorus is used, the 
reaction is not exjdosive, though still very rapitf. 

-Six coiupnmvh of'sitlpJmr and phosjdiorus have 1hh;ii prepared, 
containing the following proportions of suljihur and phosjihorus:— 

4 


Compositiyn by 



Phunpliiirtlx 

Sulplui 

Heinisulphide, P^S. 

. :n 

-f 

8 

]Vk»nosulphtdc, PjS, 

. 31 



ftesquisulphitlo, p 4 ‘^ 3 , 

. 31 

+ 

24 

Trisulphide, 

. 31 

-f 

48 

Pentasulphide, P^S^, 

. 31 

•f 

80 

Dodccasulphide, P^Sj^, . 

. 31 
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The fourth and fifth are analogous to pliosphorous and phosphorie 
oxides re.s]Ha‘tively; the otherj^ have no known aiialo^ueH in the 
oxygtuv iSeries. They luiiy all befonued by heating the two l>odies 
together in the re 4 iiired proportions; but the trisulphide and 
* pentasulphide an* more easily prepared by wuniiing the mono- 
sulphide with additional ]>roportious of sulphur. Homover, the 
•two lower siiljihitles exhibit isomeric mollifications, each being 
capable of existing as a colourless liquid and as a reel soliil. Tlie 
mono-, tri-, and pentasulphides of phosphorus unite with metallic 
BU^hides, fonning sulphur salts. 

The copper salts have the following composition : — 

Hyposulphosphite, CuS.PgS = CuPgS.. 

Sul])hophosi)hite, CiiS.P.^S 3 = CuP^S^. 

Sulphophosphate, CiiS.PgSg = CuPgSg. 

Selexides of Phosphorus, analogous in composition to the 
first, second, fourth, and fifth of the sulphides above mentioned, 
are produced by heating ordinary phosphorus and selenium to- 
gether in the required proportions in a stream of hydrogen "as. 
The hemiselenide is a dai'k yellow, oily, fetid liquid, solidifjung 
at 12°; the otlier compounds are dark red solids. The mono-, tri-, 
and pentaselenides unite with metallic selenides, fonning selenium- 
salts analogous to the sulphur-salts above mentioned. 
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THE GENERAL PRINCIPLES OF CHEMICAL 
PHILOSOPHY. 

Before proceetliii {4 further with the study of individual com- 
pounds it is necessary to enter more fully into the consideration 
of certain general laws of chemical combination an<l decomposition, 
a sket li. of which has already been given in the chapter on Oxygen 
(pp. 115-120). The study of these hiws will be greatly facilitated 
by the special instances of their a 2 )plication detailed in the pre- 
ceding juiges. 

(1.) Latv of Multiples, — This law may be thuvS stated: — If two 
elements, A and B, are (iii])al)le of uniting in several pro 2 )ortions, 
the (jiiantities of B which unite with a given (juantity of A, usually 
l)ear a simi)le relation to one another, such as : — 

A B, A -f- 2B, A *4" 3B, A -f- 4B, &c, \ 
or, 2 A + 3ii, 2 A + bB, 2 A + 7B, &c. ; 

or, A 4“ B, A -p 3B, A 4" ^B, &c. 

Numerous exumjdes of this law are afforde*! by the comi^ounds 
of the non-nietallic elements one with the other; as, for example, 
the oxides of hydrogen, nitrogen, carbon, chlorine, sulijhur, and 
phosjihorus, the chlorides of phosphorus, &c. ; and still more nume- 
rous examnles will be met with, in treiiting of the compounds of 
metals witli non-metallic elements. 

It must be observed, however, that more complex relations are 
by no means unfreejuent. The compounds of carbon and hydrogen, 
for example, are very numerous ; and on comparing together the 
cluantities of hydrogen H, which unite with a fixed (piantity of 
carbon C, we meet with such relations as 5C 4“ 17H, 7C 4“ lb*H, 
lie 4" 24H, 15C 4“ 32H, &c. In short, the simple relations 
above mentioned must be looked u 2 )on merely as particular in- 
sbinces of a large number of possible relations, although they 
happen to hold good with reference to a considerable nmnber of 
important compounds. 

(2.) Law of Equivalents . — If a body A unites with certain other 
bodies B, C, D, then the (|uantities B, C, D, which combine with 
A, or certain simple multiples of them, represent for the most 
part the proportions in which they can unite amongst themselves. 
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For example, 8 parts hj weight of oxygen are known to unite 
with the following quantities of hydrogen, nitrc^en, &c. : — 


Oxygen .... 

.8 

Hydrogen 

1 

Niti-ogen .... 

. 14 

Carbon .... 

6 

Sulphur .... 

S 

Phosphorus 

laj or V 

Chlorine .... 

35*5 

Iodine . . * . 

25ior^ 

Potassium. 

. 80 

Iron .... 

. 28 # 

Copper .... 

31-7 

Lead .... 

. 103 *6 

Silver .... 

. 108 


See. Jkc. 


Ami it is found, moreover, that hydrogen and chlorine combine in 
the proportions 1 to 35*5 ; hydrogen and sulphur, 1 to 2 X 8 ; 
chlorine and silver, 35*5 to 108 ; iotline and potassium, 127 parts 
of the fonuer to 39 of the latter, &c. ; phosphorus and chlorine, 31 
parts of the former to 3 X 35*5 and 5 X 35*5 of the latter, &c. 

Now, on comparing the relative quantities of the elements con- 
tained in all known chemical compounds, it is found: — K That 
there is a certain nunil)er of elements which combine with one 
another in one proixulion only. 2. That by far the greater num- 
ber of elements are capable of uniting in two or more proportions. 
The elements of the former class may l>e conveniently calle<l 
monogens, those of the latter polygens.* 

Hydrogen and chlorine unite in the proportion of 1 part, hy 
weight, of the former, to 35*5 parts of the latter, and in no other. 
The same quantity of chlorine combines with 39*1 parts of potas- 
sium, 23 01 sodiiun, and 108 of silver. These severtil cpiantities 
of sodium, potassium, and silver, are capable of saturating the 
same quantity of chlorine that is saturated by 1 pait of hydrogen. 
They are, therefore, in this resjxsct, equivalent to 1 part by 
weight of hydrogen ^nd to each other. They may, in fact, be 
made directly to rejdace one another in combination with chlorine. 
Thus, when sodiimi or potassium is heated in hydrochloric acid 
gas, hydrogen is set free, and sodium or potassium chloride is formed, 
23 parts of sodium or 39*1 parts of potassium always taking the 
place of 1 part of hydrogen. Again, when a solution of sodium 
chloride is mixed with silver nitrate, the sodium and silver change 
places, forming a solution of sodimn nitrate and a precipitate of 
silver chloride ; and in this case 108 parts of silver take the place 
of 23 parts of sodium. The above-mentioned quantities of hydro- 

♦ Erlenraeyer, Lehrbiich der organischen Chemie. 
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gen, chlorine, sodium, potassium, and silver, are therefore called 
equivalent weights. 

There are a few other monogenic elements, the names and equi- 
valent weights of which are given, together with the preceding, in 
the following table : — 


Hydrogen 

, 

1 

Potassium, 

. 39*1 

Chlorine, 

Bromine, 


. 35*5 

Sodium, . 

. 23 

, 

80 

Lithium, . 

7 

Fluorine, 

, 

19 

Caesium, , 

. 133 

Silver, 


. 108 

Bubidium, 

. 85*4 


All otheT* elements are polygenic, uniting with the monogens 
and with one another in more than one proportion. With regard 
to these (dements, the question of equivalence appears at first to be 
somewhat iruletcrniinate ; in fact, according to the idea* of equiva- 
lency above defined, the ocjuivalent value of a polygenic element 
must vary according to tlie propoiiions in which it unites with 
others. Tims iron forms two chlorides, containing 28 and 18| parts 
of iron to 35*5 parts of chlorine. Either of these quantities of 
iron may therefore tie regarded as equivalent to one part of hydro- 
gen ; in other m oids, as the equivalent weight of iron. Again, 1 
part of hydrogen unites with 8 parts of oxygen to form water, and 
with IH parts to form liydrogen dioxide. Which of these is the 
e(juivalent weight of oxygen i The former number has perhaps 
the best right to be so regarded, because water is a more stable 
compound than hydrogen-dioxide, and, moreover, 8 parts by weight 
of oxygen fmjuently take the place of 1 part of liydrogen in pro- 
cesses of oxidation, as when alcohol, a compound of 12 parts car- 
bon, 3 hydrogen, and 8 oxygen, is oxidised to acetic acid, contain- 
ing 12 mrts carbon, 2 hydrogen, and 16 oxygen. But what num- 
ber shall we fix uj)on as the ecjuivalent of nitrogen? This element 
forms only one compound with hydrogen, namely, ammonia, which 
contains 14 parts of nitrogen to 3 of hydrogen, or 4? nitrogen to 1 
hydrogen. Accordingly, the equivalent weight of nitrogen appears 
to be 4S, and, in fact, tliis quantity of nitrogen can be made to take 
the place of 1 part of hydrogen in many organic compounds. But 
if we look to the compounds of nitrogen with oxygen, we find that 
these elements unite in five different pixiportions, 8 parts of oxygen 
(which we have seen to be in most cases equivalent to 1 part of 
liydro^ren) uniting with 14, 7, V, h or V parts of nitrogen, either 
of which numbers may therefore be regarded as equivalent to 
1 part of hydrogen. Lastly, with regard to carbon, the pi^blem 
appeal’s still more indefinite, inasmuch as that element forms with 
hydrogen a very large number of compounds, and appears to be 
capable of uniting with it in almost any proportion. 

We may, howevei’, obtain a set of comparable values by assum- ^ 
ing as the equivalent weight of each polygenic element, the sniallest 
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Xq/aaiwUiy of it which iiniteswith one iMat of hydrogen, or with 
35'6 of chlorine, or genertilly with the equivalent weight of any 
monogenic element. Thus, of all the comjwnmds of hydrogen and 
carbon, marsh gas, or methane, wliieh is comjx^sed of 12 parte 
carbon to 4 hydrogen, or 3 pirts earlM>u tt) 1 hydrogen, contains the 
largest quantity of hydrogen in proportion to the cjirbon ; in other 
words, 3 parts of earl)on is the smallest quantity that can unite with 
1 part of hydrogen. This, then, Ave shall regaixl as the e«juivalent 
weight of carlwn; ami hy similar oonsidemtion.s the equivalent 
weight of oxygen will be fiuuul to lx; S, tiuit of sulj>hur 16, of 
nitrogen or V, of ifhospLorux V or di, of iron of leatl 
103-6, &c. 


A.TOM1C 'WEUiHTS. — Let us now compiwe the hydrogen com- 
pounds of monogenic and polygenic elements, with reganl to the 
manner in’ which the hytlrogen contaiiUHl in them may be replaced 
by other elements. (Nnnjwre fii-st hydrochloric acid ami water. 
\Vhen hydrochloric acid Ls acted upon by cerUiin metals, as smliuiu, 
zinc, or magnesimn, (he tchole of the hydrogen is exiAclled, and the 
chlorine enters into combination witb an etiuivalent quantity of 
the metal ; thus 36‘5 parts hydrochloric acid (=* 1 part hydrogen 
+ 35‘r> chlorine) and 23 sodium yield 1 part of free hydrogen and 
23 35*5 (= 58'5) soduun chloride ; there is no .such thing as the 

expulsion of part of the hydrogen, or the fonnation of a compoinul 
contiiining both hydrogen* and metal in combination with the 
chlorine. 

With water, however, the case is difl'erent. When so<lium i.s 
thrown upon water, 9 parts of that compomul (= 1 hydrogen -j- 
8 oxygen) are decomposed, in such a manner that half of the hy<lro- 


gen is expelled by an equivalent quantity of sodium, 


23 

2 ’ 


and 


sodium hydrate is formed, containing — 


Sodium. 

23 

2 


Hydrogen. Oxygen. 

+ J + 8 


This coiapoxmd remains in the solid state when the liquid is 
evaporated to dryness ; and if it be further heated in a tube with 
sodium, the remaining lialf of the hydro^^en is driven off, and 
anhydrous sodium-oxide remains, composed of 23 2)arts sodium + 
8 oxygen. 

Water differs, therefore, from hydrochloric acid in this respect, 
that its hydrogen may be replacetl by a monogenic metal in two 
equal portions, yielding successively a hydrate and an anhydrous 
oxide, the relations of which to the original coxnpound may be thus 
represented : — 
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Water. Sodium-hydrate. Sodium-oxide. 


/ A / f — n . . 

Hydrogen. Ox. Hyd. Sod. O Sodium. Ox, 



or, multii>lying “by % to avoid fractions of equivalent weights — 

Water. Sodium-hydrate. Sodium-oxide. 

^ ^ — : , , ^ , , A , 

Hydrogen. Ox. Ilyd. Sod. Ox. Sodium. Ox, 

(1 + 1 ) + 16 (1 + 23) + 16 (23 + 23) + 16. 

It a])pears from this that 2 X H, or 16 parts of oxygen, is the 
smallest (piantity of oxygen that can be suxiposexl to enter into the 
reaction just considered, if we would avoid speaking of fractions 
of ec[uivalents ; and we shall find hereafter that the same is true 
with regaitl to all other well-defined reactions in whicli oxygen 
takes part. Heiute this (jua^itity of oxygen, 16 parts by weiglit 
(hydrogen being the unit), is called an indivisible weight, or 
atomic weight, or an atom of oxygen.* 

Let us now con.sider tlie hydrogen-compound of nitrogen, that 
is to BJiy, minmnia* This is comi)Osed of 1 part of hydrogen 
united with 4} or V of nitrogen. Now in this compound the 
hydrogen is rephu«3able by thirds. When potassiiun is heated in 
ammonia gas, a coinjumnd called notassainine is fonned, in 
which oiie-tliinl of the hydrogen is replaced by notassiurii. Another 
comjx)und, called tri-potassamine, is al.so kno'vvn, consisting of 
ammonia in wliich tlie whole of the hydrogen is replaced by an 
t^cjuivalent quantity of potassium : — 

Nft, ITydrogen. Nit. Hydrogen. 

Aiuinouiu, . + I + 1 1 „r 14 + 1 + 1 -1- 1 

Nit. Hydrogen. J’ot. Nit. Hydrogen. Pot. 

Pi>tass{uiiine, . + r + .1 + 7 ^ or 14 + 1 + 1 + 39 

«> o t5 t> 

Nit. Potas.sinm. Nit. I*ota.ssium. 

Tripota-ssaiiiimi, H or 14 + 39 + 39 + 39 

3 3 3 3 

There is also a large class of compounds derived from ammonia 
in like manner by the replacement of J, |, or the whole of the 
hydrogen by equivalent quantities of certain groups of elements 
called compound radicah (see page 251), . Hence, by reasoning 
similar to that which was above applied to water, it is inferred 
that ammonia is composed of 14 parts by weight, or 3 equivalents, 

*'Axo/uo«, mcUviaible. 
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of nitrogen combined with 3 parts or 3 equivalents of hydrogen, 
and that the atomic weight of nitrogen is 14. 

Next take the case of marsh gas or methanCy a compound of 1 part 
hydrogen with 3 parts carbon. When this gas is mixed with 
chlorine, and exposed to diffused daylight, a new compound is 
formed, in which one-fourth of the hydrogen belonmng to the 
marsh gas is replaced by an equivalent quantity of chlorine ; and 
if the chlorine is in excess, and the mixtux'e exposed to sunshine, 
three other compounds are formed, in which onedialf, three-fourths, 
and all the hydrogen, are thus replaced. The results may be thus 
expressed ; — 

Methane. 

Carbon. Hydrogen. Carbon. Hydrogen. 


3 + i + i + 4 + 12 + 1 + 1 + 1 + i 

Chloromethaiie. 

Carbon. Hydrogen. Chlorine. Carbon. Hydrogen. Chlorine- 


3 + 4 + 4 + 4+ ”4^ 12 + 1 + 1 + 1 + 35*5 


Carbon. Hydrogen. 


Chlorine. 


Dichloromethaiie. 

Carbon. Hydrogen. 


Chlorine. 

A 


+ 4 + 


35*5 35-5 


+ d + A ■ + 1 + 1 + 35-5 + 35*5 


Carbon. Ilyfl. 


3 + 4 + 


Carbon. 


Trichloromethane or Chlorofonn. 

Carb. Ilyd. 


Chlorine. 


Chlolinc. 

A 


'^4 - + ^ or 12 + 1 + 35-5 + 35*5 + 35-6 

Tetrachloromethane. 

Chlorine. Carbon. Chlorine. 


3 + 


35-5 35-5 ;i5:5 

4 ' 4 ^ 4 * 4 


or 12 -t- 35*5 + 35*5 + 35-5 + 35*5 


Hence, by reasoning similar to the above, it is inferred that 
marsh gas i.s composed of 12 jiarts by weight, or 4 etpiivalents of 
carbon, and 4 parts, or 4 equivalents of hydrogen, and that the 
atomic weight of carbon is 12. 

’According to the preceding explanations, the eg yj * vale nt, 
u reig ht of a polygenic element is the smallest quantify of2Tniat 
can unite with an equivalent of a monogenic element, that is, with 
1 -part of hydrogen, 35*5 parts of chlorine, &c. ; and the atom^ 
weight, or atom, is the smallest quantity of an element dBnfSm 
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unite with others without introducing fractions of ec^iyol^ts. In 
the case of a monogenic erement7t"he jafoniic aricT equivalent weights 
are identical, but the atomic weight of a iiolygenic element is 
always greater than the equivalent weight in the ratio of 1 to 2, 
3, 4, 

We have shown in three cases h‘>»w the atomic weight of an 
element may be determined by the proportion in which equivalent 
substitution takes place in its compounds with hydrogen or other 
monogenic elements. Sulphur, selenium, and tellurium, form 
hydrogen compounds exactly analogous in this respect to water, 
the hydrogen being replaceable by halves ; their atomic weights 
are therefore double of their equivalent weights. Silicoji forms 
with chlorine a compound containing 7 parts silicon with 35*5 
parts chlorine ; and in this one-fourth of the chlorine is replace- 
able by hydrogen or hy bromine : hence the atomic weight of 
silicon is, like that of carbon, ecjual to four times the equivalent 
weight, its numerical value being 28. There are also some elements 
in which the atomic weight is equal to five times, and others in 
which it is equal to six times, the equivalent weight : higher ratios 
have not been observed. 

It must not be supposed that the atomic weights of elementary 
bodies are always actually determined in the manner above de- 
scribed. There are several other methods of determining their 
numerical values, as will be presently explained ; and the values 
obtained by different methods do not always agree ; but the atomic 
weights of all the more important elements may be regarded as 
definitely fixed within small numerical errors. The equivalent 
value of an element, or the ratio of the equivalent to the atomic 
weight, is also subject to some variation, as will be presently ex- 
plained, according to the view which may be taken of the consti- 
tution of jiarticular compouiuJs. 

The values of the atomic weights on which chemists are now, 
for the most part, agreed, are given in the table on page 108. 

Physical and Chemical Relations of Atoinic Jreujhts. 

We have hitherto regarded the atomic weights of the elements 
as mere numerical expressions, or as quantities adoj^ted to represent 
the composition of compounds without introducing fractions of 
equivalents. If this were all that could be said al>out them, they 
would not be of much importance. We shall see, however, that 
these same quantities exhibit some remarkable relations to the 
physical properties of the elements, and to the proportions in w hich 
they unite by volume. 

1. To the Specific Heats of the Elementary Bodies, — Dulong and 
Petit, in the course of their investigations on specific heat, observed 
a most remarkable circumstance. If the sjiecific heats of bodies be 
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computed upon equal weights, numbers are obtained all different, 
and exhibitmg no aimide relations luiiongst themselves; but if, 
instead of equal w^eights, quantities be taken in the proportion 
of the atomic weights, the resulting specific heats come out very 
nearly equal, at least in the ciise of solid ami liquid elements, 
showing that some exceinlingly intimate connection must exist 
between the ivlation of bodies to heat, and their chemical nature*. 

In the following table, the solid ami licjiiid elementary Ixiflies are 
arranged in tlie ouler vd’ their specilic heats as determineil by Reg- 
luuilt, l>egiiming with those whose sj)ecific heat is the greatest ; and 
this Older, it will be observed, is the inverse of that of the atomic 
weights in the tliiid column : — 


t^pecific Heafs of Elementary Bodirs. 


Elements. 


Specific Heat 
(that of 
Waters 1). 

Atomic 

Wei^jhts. 

Product of 
Sp, Heat X 
At. Weight. 

Lithium, 


0-9408 

7 

. 6*59 

fc^odium, 


0*2934 

23 

6*75 

Alumimum, , 


0*2143 

27-4 

5-89 ! 



0*2120 

0*1887 

1 ,1 1 

6*57 ; 

5*85 

Sulphur, 

. 

0-2026 

32 

6*48 

Potassium, 

. 

01696 

39 

6*61 

Iron, 


0-1138 

56 

6-37 

Nickel, 


0-1086 

58*8 

6*37 

Cobalt, . 


0-1070 

58*8 ‘ 

6*28 

Copper, 


0-0952 

63-4 

6*04 

Zinc, 


0-0956 

65-2 

6-24 

Arsenic, 


0-0814 

75 

6*10 

Sfdeniurn, 

* j 

0-0762 

79*4 

6*02 

Bromine (solid), 


0-0843 

80 

6*75 

Palladium, 


0-0593 

106*6 

; 6*31 

Silver, 


0-0570 ^ 

108 

1 6-16 

Cadmium, 


0-0567 

112 

6*35 

Indium, 


0-0570 

113*4 

' 6*46 

Tin, 


0-0562 

118 

6*63 

Antimony, 


0-0508 

122 

6*19 

Iodine, . 


0-0541 

127 

6*87 

Tellurium, 


0*0474 

128 

6*06 

Gold, . 


0-0324 

197 

0-38 

Platinum, 


0-0311 

197-4 

6-15 

Mercury j ; 


0-0319 

0-0333 

1 200 1 

6-38 

6-66 

Thallium, 


0-0335 

204 

6-83 

Lead, 


0-0314 

i 207 

6-50 

Bismuth, 


0-0308 

210 

6*48 
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A comparison of the numbers in the fourth column of this table 
sliuws tliat for a considerable number of elementary bodies in the 
solid state the specific heats are very nearly proportional to the 
atomic weights, so that the products it the specific heats of the 
elements into their atomic Weights gi\ , nearly a constant quantity, 
the mean value being 6*4. Tms quantity may be taken to repre- 
sent the atomic heat of the several elements in the solid stat^j, or 
the quantity of heat wliich must be imparted to or removed from 
atomic ]>roportions of the several elements, in order to jiroduce 
eipuil variaticms of temperature. 

This law must not, however, be understood as perfectly general, • 
for there are three elements, namely, carbon, boron, and silicon, 
whi(*h exhibit decided exceptions to it, as shown by the following 
numb* m •— 



Elements. 

Specific Heat. 

Atomic 
Weiff fits. 

Product (tf ! 
Sp. Heat X ! 
At.We^^^llt. j 

iloron, 

crystallised, 

0-2500 

11 

2-75 


i wood charcoal, 

i 0*2415 


2*90 

Carbon 

< graphite, . ! 

f 0*2008 

[ 12 J 

2*41 


( diamond, . ! 

0*1469 

\ ( 

1*76 

Silicon 

J crystallised, . < 

1 fused, ^ 

0*1774 

0*1750 

1 1 

4*97 

4*70 


Nevertheless, in case of doubt as to the detenuination of the 
atomic weight of an element acconling to its mode of combination, 
the agreement of the value thus obtained witli the value determined 
according to the specific heat, is generally regarded as alfordiiig 
strong evidence in favour of the result. 

The sjiecific heats and molecular weights of similarly constituted 
compounds exhibit, for the most part, the same relation as that 
whitih is observed between the specific heats and atomic weights 
of the elements. 

2 . To the Cnjatalline Forms of Compounds ^ — It is found that, in 
many cases, two or more compounds whicli, from chemical con- 
siderations, are supposed to contain equal nunibei's of atoms of 
their res 2 )ective elements, crystallise in the same or in very simi- 
lar forms. Such comi)ounds are said to he isomorphoitsJ^ Thus 
the sulphates represented by the general formula, M 2 SO 4 (M 
denoting a monogenic metal), are isomorphous with tne corre- 
sponding seleiiates, MgSeO^ ; the phosphates, M 3 PO 4 , are isomor- 
pnous with the corresponding arsenates, M 3 ASO 4 , &c. 

Accordingly, these isomorphous relations are often appealetl to 
* '‘lcro9, equal ; poptptj, form. 
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for the purpose of fixing the constitution of compounds, and 
thence deducing the atomic weights of their elements, in coses 
which would otherwise he doubtful Thus aluminium forms only 
one oxide, viz., alumina, which is composed of IS'Spaits by w^ght 
of aluminium aiid 16 parts of oxygeiL What, then, is the atomic 
we^ht of aluminium f The answer to this question will depend 
upon the constitution assigned to alumina, whether it is a mon- 
o.xide, sescpiioxide, dioxide, &c. Thus : — 


Mono.xide 

AlO 

0. 

= 16 

+ 

Al. 

18-3 

Sesiiuioxide . 

AI2OJ 

= 48 

+ 

< 27‘4 
1 27-4 

Dioxide . » . 

AIO2 

= 32 


36-6 

Trioxide 

AIO3 

= 48 

+ 

64*8 


. The numbers in the last column of this table are the weights 
■which must be assigned to the atom of aluminium, according to 
the sever.d modes of constitution indicated in the first column ; 
but there is nothing in the constitution of the oxide itself that can 
enable us to decide between them. Now, iron forms two oxides, 
in which the quantities of oxygen united with the same quantity 
of iron are to one another as 1 : 1^, or as 2 : 3. These are there- 
fore regarded as monoxide, FeO, and sesquioxide, Fe203, and this 
last oxide is known to be isomorphous with alumina Con- 
sequently alumina is also regarded as a sesipxioxide, Al^Oj, and 
the atomic weight of aluminium is inferred to be 27 ‘4. 

^ 3. To the Volume-relations of Elements and Compounds . — The 
atomic weights of those elements which are known to exist in the 
state of gas or vapour are, with one or two exceptions, proportional 
to their specific gravities in the same state. Taking the specific 
.gravity of hydrogen as unity, those of the following gases and 
vapours are expressed by numbers identical with their atomic 
weights : — 


Hydrogen 1 Oxygen 16 

Chlorine 35 ‘5 Sulfur 32 

Bromine 80 Selenium 79 

Iodine 127 Tellurium 128 


The exceptions to this rule are exhibited by phosphorus and 
arsenic, whose vapour-densities are twice as great as their atomic 
WG^btS, tbit of phosphorus being 62, and that of arsenic 160 ; 
and by mercury and cadmium, whose vapour-densities are the 
halves of their atomic weights, that of mercury being 100, and 
that of cadmium 56. 



LAWS OP COMBINATION BT VOLUME. 


23 ^ 


Laws op Combination by Volume. — From the preceding 
relations it follows, that the volumes of any tw 9 elementary gases, 
which make up a compound molecule, are to one another in th^ 
same ratio as the numbers of atoms of the same elements which] 
enter into the compound, excepting m the case of phosphorus and ; 
arsenic, for which the number of vuiurnes thus determined has to | 
be halved, and of mercury and cadmium, for which it must be ' 
doubled; thus: — 

The molecule HCl contains 1 vol. H and 1 vol. Cl. 








H^O 



2 


II 


1 


0 . 

H3N 



3 


H 


1 

» 

N. 

TT P 



3 

>> 

H 


h 


P. 



1 

or 6 


H* 


1 


P. 

CI3A8 


1 

3 

or 6 

>> 

Cl 

Cl 


h 

i 


As. 

As. 

CLHl^ 

• « 


2 

«« 

Cl 


2 

«• 

Ks 


If the smallest volume of a g^iseous element that can enter into 
combination be called the combining volume of that element, the 
law of combination may be expressed as follows : — The combining 
volumes of all elementary gases are equals excepting those of phosphorus 
and arsenicy which are only half those of the other elements in the 
gaseous state, and those of mercury and cadmium, which are double 
those of the other elements. 

It appears, then, that in all cases the volumes in which gaseous 
elements combine together may be expressed by very simple 
numbers. This is the “ Law of Volumes, first observed by 
Humboldt and Qay-Lus^iac in 1805, with regaid to the combination 
of oxygen and hydrogen, and afterwards established in other cases 
by Gay-Lussac, whose observations, published in his “ Theory of 
Volumes,” afforded new and indepenaent evidence of the combina- 
tion of bodies in definite and multiple proportions, in corroboration 
of that derived from the previously observed proportions of com- 
bination by weight. 

Gay-Lussac likewise observed that the product of the union of 
two gases, when itself a gas, sometimes retains the original voluix^ 
of its constituents, no contraction or change of volume resulting 
from the combination, but that when contraction takes place, 
which is the most common case, the volume of the compound gas 
always bears a simple ratio to the volumes of its elements; and 
sub8e(j[uent observation, extended over a very laige number ot 
compounds, organic as well as inoiganic, has shown that, with a 
few exceptions, probably only apparent, af cOmpownd 

bodies in the gaseous state occupy tmce the uolume a/, otom o/ 
hydrogen gas. No matter what maybe the numbejc of. atoms. 
voIumOs that enter into the compoimd, they all become condepsed 
into two volumes ; thus : — 
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1 vol. H and 1 vol 

1 » N „ 1 „ 

2 H „ 1 „ 

8 H! 1 yt 

^ i »» 


Cl form 2 vol. HCl, 

0 „ 2 „ NO, 

^ f$ 2 ,, 

N ,, 2 ,, HgN, 


hydrochloric acid, 
nitrogen dioxide, 
water, 
ammonia. 

hydrogen phosx>hide. 


Similarly in the nuion of coinpoiind gases, r.jr., 

1 vol. ethyl, C.JT.„ and 1 vol. Cl form 2 vol. C..H5CI. ethyl chloride. 

2 „ ethyl, CJIs, „ 1 „ O 2 „ ethyl o.vde. 

2 ,, ethene, 0^114, „ 2 ,, Cl „ 2 ,, CJl4Ci2, ethene chlonde. 

2 „ ethene,C.,H4, ,, 1 „ O „ 2 „ Cj,H40, etherie oxide. 


a Hence it follow.^ tlint the specijlc ijraintij of any compound ym or 
Jiupour, referred to hijdrotjcn as unity^ is eipiul to half its atomU or 
\molecular urtyhL 

The qiKdieiit obtained by <lividing the molecular weight of a 
bcKly by its specitic gravity is called its Specific or Atomic 
volume ; hence the la\v just stated may also Ini thus expressed : — 
The specific volumes of compound gases or vapours referred to that of 
hydrogen as Unity are^ vnth a few exceptions^ equal to 2. We shall 
presently show that the same law applies to the specific volumes 
of the efementary gases themselves. 

Some compounds, however, exhibit a departure fn)iu this rule, 
their observe<l specific gravities being equal to only one-fourth their 
molecular weights, or their molecules occupying four times the 
volume of an atom of hydrogen. Such is the case with sal- 
ammoniae, NH4CI, phosphorus pentachloride, PCh, sulphuric acid, 
H2SO4, amnumiuTii sulphydrate, (XH4)SH, and a few other». 
This anomaly is probably due, in some cases at least, to a 
decomposition or “dissociation” of the compound at the high 
temi)erature to which it is subjected for the determination of its 
vapour-density; NH4CI, for example, splitting up into NH3 and 
HCl, each of which occupies two volumes, and the >vhole therefore 
four volumes; and in like manner H^SOAinay lx; supposed to 
separate into H^O and SO3; PCI5 into PCI3 and CI2; (NH4)SH, 
into NH3, and &c. 

On the other hand, some snl>stance8, both simple and compound, 
exhibit, at temperatures not far above their boihng points, vapour- 
densities considerably greater than they should have according to 
the general law, whereas when raised to higher temperatures tney 
exhibit normal vapour-densities. Thus sulphur, which boils at 
440°, exhibits at 1000°, like elementary gases in general, a 
vapour-density equal to its atomic weight, vi^., 32; hut at 
500° its" vapour-density is nearly three times as great. Again, 
acetic acid, C5JH4O2, whose molecular weight is 24 -f- 4 -f- 16 ~ 60, 
has, at temperatures considerably above its boiling point, a vapour- 
density nearly equal to 30; but at 125° (8 degrees above its 
boiling point), its vaijour-density is rather more than 46, or 
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times as great* This anomalous increase of vapour-density 
appears to take place when the substance apprbcu^hes its lique- 
fying point, at which also it exhibits' irregulariti^ in its rate of 
expansion and contraction by variations of pressure and tem- 

S erature — at which, in short, it begins to behave itself like a 
auid ; but at higher temperatures it exhibits the physical char- 
arters of a perfect gas, and then also its specific gravity becomes 
iiormaL 

Specific Volumes of Liquids and Solids , — For many years past, 
attempts have been made to extend to solids and liquids the 
results of Gay-Lussac’s discovery of the law of gaseous combination 
by volume, the specific volumes of the bodies in question being 
determined by the method pursued in the case of gases — namely, by 
dividing the molecular weight by the specific gravity. The numbers 
obtained in this manner, representing the specific volumes of the 
various solid and liquid elenKmtary substances, present far more 
cases of discrepancy than of agreement. The latter are, however, 
sufliciently numerous to excite great interest in the investigation. 
Some of the results pointed out are exceedingly curious as far as 
they go, but are not as yet sufficient to justify any ^neral con- 
clusion. The inquiry is beset with many great difficulties, chiefly 
arising from the unequal expansion of solids and liquids by heat, 
and the great differences of physical state, and, consequently, of 
specific gravity, often presented by the former. 

THE ATOMIC THEOUY. 

The laws of chemical combination, and the relations between 
atomic and equivalent weights al>ove explained, are the result of 
pure experimental inquiry, and independent of all hypothesis. In 
this, however, as in other bmnehes of science, the comprehension 
of experimental results may be greatly facilitated by enaeavouring 
to refer them to a general law or mode of action. That no 
attempt should l)e made to explain the manner in which chemical 
compounds are foraied, and to point out the nature of the relations 
between the different modifications of matter which determine 
chemical changes, would, indeed, be contrary to the speculative 
tendency of the human mind. Such an attempt — and a very 
ingenious and successful one it is — has, in fact, been made, namely, 
the atomic hypothesis of Dr. Dalton. 

From very ancient times, the qiiestion of the constitution of 
matter with respect to divisibility nas been debated, some adopt- 
ing the opinion that this divisibility is infinite, and others, that 
when the particles become reduced to a certain degree of tenuity, 
far, indeed, beyond any state that can be reached by mechanical 
means, they cease to be^ ftirther d^inished in magnitude ; they | 
become, m slteH, "dfowwil Now^^Tiawever, the imagination hiay ) 

Q 
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succeed in figuring to itself the condition of matter on either 
view, it is hardly necessary to mention that we have absolutely 
no means at our disposal for deciding such a question, which 
remains at the present day in the same state as when it first 
engaged the attention of the Greek philosophers, or perhai)8 that 
of the sages of Egypt and Hindostan long before them. 

Dalton^s hypotnesis sets out by assuming the existence of such 
atqms or intlivisible particles, and states, tliat compounds are 
formed by the union oT atoms of different bodies, one to one, one 
to two, &c. The com poun d atom^ or molj^cjile, joins itself in the 
same manner to a of ^anblh'er kind, and a com- 

bination of the second older results. Let it be granted, further, 
that the atoms of different elements have different Aveights fixed 
and invariable for each, and the hypothesis becomes capable of 
rendering consistent and satisfactorj’' reasons for all the observed 
numerical laws of chemical combination. 


Chemical compounds must always be definite; they must 
always contain tne same number of atoms of the same kind 
^arranged in a similar manner. The same kind and number of 
! atoms need not, however, of necessity produce the same substance, 
I for they may be differently arranged; and much depends upon 
I this circumstance. 

Again, the law of multiple proportions is perfectly well ex- 

} )lained. One atom of carbon unites with one atom of oxygen to 
brm carbon monoxide, and wdth two atoms to form carbon dioxide ; 


one atom of sulphur with two and three atoms of oxygen to form 
the dioxide and trioxide of sulphur ; one atom of phosphorus with 
three and five atoms of chlorine to form the trichloride and j)enta- 
chloride of phosphorus ; two atoms of nitrogen with one, two, 
three, four, and five atoms of oxygen to form the five oxides 
already metioned (p. 149). 

The atomic hypothesis likewise affords an easy explanation of 
the manner in which bodies replace or may be substituted one for 
the other. Here, however, we come upon an extension of the 
original Daltonian hypothesis. It was formerly supposed that 
when one element replaced another in combination, the substitu- 
tion always took place atom for atom ; and accordingly the terms 
‘‘ atoms and “ equivalent” were regarded as synonymous, af least 
so far as numerical value was concerned. But, according to the 
atomic weights now adopted, and determined by the considerations 
above explained, we must suppose that one atom of an element 
may take the place of two, tnree, four atoms, &c., of another. 
It is only, in fact, the atoms of monogenic elements that can 
ireplace each other one by one : an atom of a polygenic element, 
on the other hand, always takes the place of, or is equivalent to, 
two or mote atoms of a monogenic element. 

This difference of equivalent or saturating poAver is often denoted 
by placing dashes or Koman numerals to the right of the symbol 
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(jf an element, and at the top, as O", B'", C’', &c. ; and the several 
elements are designated 6i8 — 


Univalent elements, or Monads, 
Bivalent „ Uyads, 

Trivalent ,, Triads, 

Quadrivalent „ Tetrads, 

Quinmiivalent ,, Pentads, 

Sexvalent „ Hexads, 


asH 
„ O" 
„ B'" 
» C‘- 
„ P' 
.. W*' 


Elements of even equivalency, viz,, the dyads, tetrads, and 
hexads, are also included under the general term artiads,'’^ and 
those of uneven equivalency, viz,, the monads, triads, and pentads, 
are designated generally as perissad8,t 

Another method of indicating - the equivalent values of the 
elementary atoms, and the manner in which they are satisfied by 
combination, is to arrange the symbols in diagrams in which each 
element is connected with others by a number of lines, or connect- 
ing bonds corresponding to its degree of equivalence; a UM^nad 
being connected with other elements by only one such bond, a 
triad by three, a hexad by six, &c,, as in the following examples : — 


Water, HjO 
Carbon dioxide, COj 


Ammonium chloride, NH^Cl 


Sulphuric oxide, SO3 


Sulphuric acid, H2SO4 


H— O— H . 

Cl 




O 

11 

s=o 

11 

o 

o 

11 

H— O— S— O— H 

I! 

o 


Nitric acid, HNO3 


O 


N_0— H 

a 


* ' Ap'rtoi^ even. 


f uneven. 
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Zinc nitratei ZnN^O^^ 


o o 

II II 

N— o— Zn— O— N 


O 



It must be distinctly understood tlmt these formula) — which 
are called graphi'C;, structural, or constitutional formuleo 
— ^are not intended to represent the actual arrangement of the atoms 
in a compound ; indeeu, even if we had a distinct notion of the 
manner in which the atoms of any compound are arranged, it 
could not be adequately represented on a plane surface. The foes 
connecting the diiferent atoms indicate ^ nothing more than the 
number of units .of equivalency belonging to the several atoms, 
and the manner in which they are disposed of by combination 
with those of other atoms. Thus the formula for nitric acid indi- 
cates that two of the three constituent oxygen-atoms are combined 
with the nitrogen alone, and are consequently attached to that 
element by both their units of equivalency, whereas the third 
oxygen-atpm is combined both with nitrogen and with hydro- 
gen.* 

By inspection of the preceding diagrams, it will be observed 
that every atom of a compound has each of its units of equivalency 
satisfied by combinaiioii with a unit belonging to some other atom. 
Such, indeed, is the case in every saturate or normal compound. 
Accordingly, it is found that in all such compounds the sum of 
the perissad elements is always an even number. Thus a com- 
j pound may contain two, four, six, &c., monad atoms, as HCl, 
’OHg, CHi* CgHg, CgHg, SiHoCl; or one monad and one triad 
atom, as BCI3 ; or one pentad and five monads, as NH4CI ; but 
never an uneven number of perissad atoms. This is the l yw^f 
even nimbers .^^ announced some years ago by Gerhardt andT 
as a result of observation. It was long received with 
doubt, but has now been confirmed by the analysis of so many 
well-defined compounds, that a departure from it is looked upon 
as a sure indication of incorrect analysis. 

For a similar reason, the atoms of elementary l>odies rarely exist 
in the free state, but, when separated from any compound, tend 
to combine with other atoms, either of the same or of some other 
element. Perissad elements, like hydrogen, chlorine, nitrogen, 

♦ For lecture and class illustration, solid diiifi^rams are constructed, with 
wooden balls of various colours, to represent the atoms, having holes for 
the insertion of connecting rode ; these representations are called glyptic 
formtdce. Objection is sometimes made to the use of such illustrations, on 
the ground that they might lead the pupils to imagine that the atoms form* 
ing a molecule are actually connected together by material bonds. As well 
might objection be taken to the use of an artificial globe in teaching 
geography and astronomy, lest the student should acquire curious notions 
about the brazen meridian and the wooden horizon. 
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&c., separate from their compounds in pairs ; their molecule con- 
tains two atoms, e,g.^ H— H. Artiad elements may unite in 
groups of two, three, or more ; thus the molecule of oxygen, in its 
ordinary state, probably contains two atoms, that of ozone three 
atoms; thus — 

* Oxygen, 0=0 

Ozone, O — O 

\/ 

O 

The tendency of elementary atoms to separate in groups is shown 
in various ways. Thus when copper hydride, Cugllo (to be here- 
after described), is decomposed by hydrochloric acid, a quantity 
of hydrogen is given off e<pial to twice tliat which is contained in 
the hydride itself ; thus — 

CU2H2 + 2 HC 1 = CU2CI2 + 2 HH. 

This action is precisely analogous to that of hydrochloric acid on 
cuprous oxide : 

CU2O + 2 HC 1 =- CU2CI2 + H2O. 

In the latter case, the hydrogen separated from the hydrochloric 
acid unites with oxygen, in the former with hydrogen. Again, 
when solutions of sulphurous acdd and sulphydric acid are mixe<I, 
the whole of the sulphur is precipitated : 

H2SO3 + 2H2S = 3H2O + S.S2, 

the action being similar to that of sulphurous acid on selenhydric 
acid : 

H2SO3 + 211280 = 3H2O + S.Se2. 

In the one case, a sulphide of selenium is precipitated; in the 
other, a suljdiide of sulphur. The precipitation of iodine, which 
takes place on mixing hydriodic acid with iodic acid, affords a 
similar instance of the combination of homogeneous atoms : 

5 HI + HIO3 == 3H2O -f 3 II 

Hydriodic acid. Iodic acid. Water, Free iodine. ^ 

Another striking illustration of this mode of action is afforded^ by 
the reduction of certain metallic oxides by hydrogen dioxide. 
ViTien silver oxide is thrown into this liquid, water is formed the 
silver is reduced to the metallic state, and a quantity of oxygen is 
evolved equal to twice that which is contained in the silver oxide : 

= H-P + Ag 2 + 00 


"h* H2O2 
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Furthei", elemental^ bodies frequently act upon others as if their 
atoms were associated in binary groups, lims, chlorine acting 
ujpon potash forms two compounds, the chloride and hypochlorite 
ofpotassiiun (p. 185): 

ClCl + KKO = KCl + KCIO . 

Again, in the action of chlorine upon many organic comjxiunds, 
one atom of chlorine removes one atom of hydrogen as hydro- 
chloric acid, while another atom of chlorine takes the place of the 
hydrogen thus removed. For example, in the formation of chlora- 
cetic acid by the action of chlorine on acetic acid : 

C 2 H 4 O 2 -f ClCl = HCl + C. 2 H 3 CIO 2 

Acetic acid. Cbloracetic acid. 

Similarly, when metallic sulphides oxidise in the air, both thi* 
metal and the sulphur combine with oxygen ; and sulphur acting 
upon potash forms lx)th a sulphide and a thiosulphate. In all 
these cases the atoms of the elementary bodies act in pairs. 

On the supposition that the molecules of elementa^ bodies in 
the gaseous stete are made up of two atoms, the specific volumes 
of these gases will come under the same law as that which applies 
to compounds (p. 241) : and it may then be stated generally, that, 
with the few exceptions already noticed, (he specific gravities of all 
hodiesj simple and compound^ in the gaseous state^ are equal to half 
their molecular weights; or the specific volumes (the quotients of the 
molecular weights by the specific gravities) are equal to 2 . 

There are, however, two elements, namely, phosphorus and 
arsenic, which at all temperatures hitherto attained exhibit a 
vapour-density twice as great as that which they should have 
according to the general law, that of phosphorus being always 62, 
and that of arsenic 150, This has been explained by supposing 
that the molecule of each of these two elements in the free state 
contains four atoms instead of two, as is the case with most 
elementary bodies ; thus the molecule of phosphorus is 8 ui)pose<l 
to be represented by the formula, 

!l! lit 


Variation of Equivalency , — Multivalent or polygenic elements 
often exhibit va^ing degrees of equivalency. Thus carbon, whicli 
is qua^valent in marsh gas, CHa, and in carbon dioxide, COg, is 
only bivalent in carbon monoxide, CO ; nitrogen, which is quin- 
quivalent in sal-ammoniac, NH 4 CI, and the other ammonium salts, 
and m nitrogen pentoxide, is trivalent in ammonia, NHg, 

and in nitrogen trioxide, N 2 O 3 , and univalent in nitrogen mon- 
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oxide, NgO ; sulphur, also, which is sexvalent in sulphur trioxide, 
SO,, is quadrivalent in sulphur dioxide, SCL and bivalent in 
hydrogen sulphide, ILS, and in many metaUic sulphides. In 
these cases, and in others of varying equivalency, the variation 
mostly takes place by two units of .quivalency. It lU Btl^wv" 
easy these vamtlorteTbullfli oTOerved in all cases 

that the compounds in which the equivalency of a polygenic ele- 
ment is most completely sjitisfied are more stable than the others, | 
and that the latter tend to pass into the former by taking up thej 
required number of univalent or bivalent atoms : thus, carbon 
monoxide, CO, easily hikes up another atom of oxygen to form 
the dioxide, 00^; nitrogen trioxide, No(X, is reacfily converted 
into the pentoxide, N^»Og ; ammonia, Nli^ unites readily with 
hydrochloric acid to form sal-ammoniac, NH4CI, &c. Similar 
menomena are exhibited by many oigano-rnetallic bodies, as will 
be explained further on. 

From this it seems most probable that the pgin valencv o r 
a^^n^ty of a polygemc element is that which corresponds toihe 
maximum number of monad atoms with which it can combine, 
bit that one or two pairs of its units of equivalency may, under 
certain circumstances, remain unsaturated. Whether a saturated 
or an nnsaturated compoimd is formed, will defend on a variety 
of (niidition.s, often in great measure on the relative quantities of 
the acting substances. Thus phosphorus, which is a pentad ele- 
mert, forms with chlorine, either a trichloride, PCI3 or a penta- 
chloiide, PCI5, according as the phosphorus or the chlorine is in 
exce® (p. 227).* 

In compounds containing two or more atoms of the same poly- 
genic element, one or more units of equivalence belonging to each 
of these atoms may be neutralised by combination with those of 
anotler atom of the same kind, so that the element in question 
will appear to enter into the compound with less than its normal 
degrei of equivalence. Thus in ethane, or tlimethyl, CgHg, which 
is a perfectly stable compound, having no tendency to take up an 
additional number of atoms of hydrogen or any other element, the 
carboi appears to be trivalent instead of quadrivalent ; similarly 
in prqiane, CjHg, its equivalence appears to be reduced to | ; and 
in quirtane or diethyl, C 4 Hig, to In all these cases, however, 
the dininution of equivalent value in the carbon atoms is only 
apparent, as may be seen from the following formulae ; ' 

* Sie also Erlenmeyer,. Lehi’buch der organischen Cheniie. Leipzig 
und Leidelbeig, 1867, p. 41. 
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Ethime. 

H 

* Propane. 

H 

QnaitaiH^ 

H 

[— i— H 

H— i-H 

H—cl—H 

[— (L-H 

1 

H— (L- H 

1 

H— (!^H 
1 


H— C— H 

1 

H— C— H 
H— (L-H 




or, more 
atoms: 


shortly, omitting the equivalent marks of the monad 


Ethane. 

Propane. 

Quartane. 

CH3 

CH, 

1 

CH, 

1 

CH3 


1 

(JH^ 


CH3 

(jH, 



CH3. 


In each of these compounds, every carbon atom, except the two 
outside ones, has two of its units of equivalence satished by com- 
bination w’ith those of the neighbouring carb<jn atoms, while each 
of the two exterior ones has only one unit thus satisfied. Hfence, 
in any similarly constituted compound containing n carbon axmis, 
the number of units of equivalence remaining to be satisfied ly the 
hydrogen atoms is 47 i — 2(n — 2) — 2 =* 2n -|- 2. The general for- 
mula of this series of hydrocarlK>n8 is, therefore, CnH2n-f 2, and the 

2?i + 2 

equivalent value of the carbon is — — — • 

In other cases, multivalent atoms may be united ])y two otmore 
of their units of equivalence, so that their combining i>owei may 
ap{>ear to be still further reduced, as in the hydrocarbon, C2H4, in 
which the carbon may be apparently bivalent, and in 02^2, io 
which it may appear to lie univalent ; thus — 


H— C— H C— H 

H— i’— H C— H . 


j In all cases, the equivalent value or atomicity of an eluent 
I must he determined by the number of monad atoms with which it 
can combine. Of dyad atoms, indeed, any element or comjnund 
may take up an indefinite number, without alteration of its ^ui- 
valence or combining power : for each dyad atom, possessing two 
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units of equivalency, neutzalises one unit in the compound which itf 
enters, ana intxoduces another, leaving, therefore, we equivalence! 
or combining power of the compound just what it was before.] 
Thus potassium forms only one chloride, Kd, and is, therefore,' 
univalent or monadic ; but in addition to the oxide, KgO, corre* 
sponding to chloride, it likewise forms two others, viz.^ 
ftuH K2O4 in the former of which it might be regarded as dyamc, 
and in Ibc latter as tetradic; but the manner in which dyad os^~ 
gen ent ‘.hese comjraunds is easily seen by inspection of the 
followii g d!i;!»ram8 : — 


Monoxide. 

0<K 


D^zlde. 


0— K 

1- K 


Tetroxide 

O— K 

i 

(I— K. 


It is evident that any number of oxygen-atoms might, in like 
manner, be inserted without disturbing the balance of equivalency. 
If, indeed, we turn to the sulphides of potassium, in which the sul- 
phur is dyadic, like oxjrgen, we find the series, KgS, KgSg, K 2 S 3 , 
the constitution of which may be represent^ in a 
precisely similar manner. Hence the equivalence of any element 
must be determined by the composition of its chlorides, bromides, 
iodides, or fluorides, not by that of its oxides or sulphides 

Assuming then that the maxium equivalence of a polygenic ele- 
ment is that which represents its normal mode of combination, 
the elementary bodies may be classified as in the following table, 
in which the names of the*^ metalloids are printed in italics, those 
of the metals in Roman type, and the elements are further divided 
by horizontal lines into CToups consisting of elements closely 
related in their chemical cnaracters : in eacn of these groups the 
elements are aiTanged in the order of their atomic weights, begin- 
ning with the lowest. (See Table, p. 108). 

The position of several of the elements in this arrangement 
must be regarded as still somewhat doubtful. Nitro^en^ phos- 
phomSf arsenic^ antimony, and bismuth, though quinquivalent iij^ 
a considerable number of compounds, as ammonium-chloride, 
NH 4 CI, phosphorus pentachloride, PCl^, &c., nevertheless form 
very stable compounds, as NH 3 , AsClj, AsgO*, &c., in which they 
are^ trivalent. It is true that these compounds pass with tolerable 
facility into others in which the nitrogen, phosphorus, &c., are 
quinquivalent, and these latter show no disposition to attach to 
themselves anv additional number of monad atoms ; but, on the 
other hand, these latter compounds do not appear to be very 
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stable, inasmuch as they easUy split up, when volatilised, in such 
a manner as to yield compounds oi the triadic class ; sal-ammoniac, 


Triads. Tetrads 


Fluorine 

Chlorine 

Bromine 


TisfR) 


Lithium 

Sodium 

Potassium 

Rubidium 

Csesium 


Silver 



Calcium I Gold 
Strontium 
Barium 


1 Beryllium 
/ Yttrium 
' Lanthnnnni 
Did turn I 
Erbium 

Magnesium 

Zinc 

Cadmium 

Copper I 
Mercury 




Rhodium 

Ruthenium 

Palladium 

Platinum 

Iridhim 

Osmium 


M^anganese 

Iron 

Cobalt 

Nickel 

Cerium 


Niobium 

Tant4iluin 


Chromium 

Molybdenun» 

Tungsten 

Uranium 


for example, into hydrochloric acid and ammonia, phosphorus 
pentachloride into free chlorine and the trichloride. 

"/row, and the metals which follow it in the table, are sometimes 
classed as hexads, on account of their analogy with chromium, 
which is undoubtedly hexadic, inasmuch as it lorms a hexfluoride, 
CrFg. Neither of these metals, however, is known to form any 
well-defined compounds in which it is more than quadrivalent. 
Iron, for example, is bivalent in the ferrous salts, as Fe"CL, and 
quadrivalent in the ferric compounds, ferric chloride, FeoCL, being 

FeCi3 

constituted in the manner shown by the formula I . ' Man- 

FeCla 

l^anese is inferred to be a hexad, on account of the isomorphism 
and similarity of composition between the manganates and the 
chromates ; but the ismorphism of two elements, or their corre- 
sponding compounds, does not afford decided proof of equal equi- 
valency : for the fluoniobates are known to be isomorphous with 
the fluosilicates and fluotitanates ; and yet niobium is a pentad 
element, whereas silicium and titanium are tetrads. 

Sulphur j seUnivm, and tellurium^ are usually regarded as dyads, 
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on wjcount of the close analogy of their compounds to those of 
oxygen, and especially of their hydrogen compounds, HgS, &c., to 
water. But selenium and tellurium form well-defined tetra- 
chlorides ; and even sulphur tetrachloride, SCI4, though it has not 
been obtained in the free state, is known in combination vrith 
metallic chlorides. Sulphur has also lately been shown to form 
certain organic compounds in which it is tetradic, and others in 
which it appears to be hexadic.* Moreover, the chemical relations 
of the sulpnates are much more clearly represented by formulae 
in which sulphur is supposed to be hexadic pike that given for 
sulphuric acid on page 252 ), then by fonnuloe into which it enters 
as a dyad; and similar remarks apply to the selenates and 
tellurates: for these reasons, sulphur, selenium, and* tellurium, 
are n.ost conveniently regarded as hexads, though they some- 
times enter into combination as tetrads, and very frequently as 
dyads. 

Compound Radicals . — Suppose one or more of the component 
atoms of a fully saturated molecule to be removed : it is clear that 
the remaining atom or group of atoms will no longer be saturated, 
but will have a combining power corresponding to the number of 
imits of equivalency removed. Such unsaturated groups are called 
residues or radicals. Methane, CH4, is a fully saturated 
compound; but if one of its hydrogen atoms be removed, the 
residue CH3 (called methyl), will be ready to combine with one 
atom of a univalent element, such as chlorine, bromine, &c., 
forming the compounds CH3CI, CH3Br, &c. ; two atoms of it 
unite in like manner with one atom of oxygen, sulphur, and other 
bivalent elements, forming the compounds 0 "(CHo) 2, S"(CH3)2, 
&c. ; three atoms with nitrogen yielding N'"(CH3)3, &c. 

The removal of two hydrogen-atoms from CH4 leaves the 
bivalent radical CH^, called methene, which yields the com- 
pounds CHoClg, CHoO, CHgS, &c. The removal of three hydro- 
gen atoms from CII4 leaves the trivalent radical CH, which, in 
combination with three chlorine-atoms, constitutes chloroform, 
CHUL. And, finally, the removal of all four hydrogen-atoms 
from CHi leaves the q^uadrivalent radical carbon, C‘% capable of 
forming the compounds CCi4, CSg, &c. 

In like manner, ammonia, NH3, in which the nitrogen is triva- 
lent, yields, by removal of one hydrogen-atom, the univalent 
radical amidogen, which with one atom of potassiiun 

forms potassamine, NH2K, and when combined with one atom 
of the univalent radical methyl, OH3, forms methylamine, 
NH2(CH3), &c. The abstraction of two hydrogen-atoms fipom the 
molecule NH3, leaves the bivalent radical imidogen, NH, which 
with two methyl-atoms forms dimethylamine, NH(CH3)2, Ac. ; 

• Sulphur triethiodide, S*'( 0 ,fTa).I 

Sulphur diethene-dibromiae, S'^(C8H4y'aBrg. 



252 


ATOMIC THEORY. 


and the removal of all three hydroj^en-atoma from NH3, leavi-^ 
nitrogen itself, which fre<iiientlv acts a trivalent elenient ic 
radical, forming tripotassamiue, NKg, trimethylarnine, N(UH3).., 
«&c. 

Finally, the molecule of imter, OHj, by losing an atom of hydro- 
gen, is converted into the univalent ratliciu hydroxyl, OH, 
which, in its relations to other bodies, is analogous to chlorine, 
bromine, and iodine, and may be substitutetl in combination for 
one atom of hydrogen or other monatls. Thus, water itself may 
be regarded as H.OH, analogous to hydrochloric acid, HCl ; potas- 
sium hydrate as K.OH, analogous to potas.sium chloride ; bmum 
hydrate, as Ba".(OH)2, analogous to bwum chloride, Ba"CU 
In a similar manner, the univalent radical, potassoxyl, KO, 
may he derived from potassium hydrate; the bivalent radical, 
zincoxyl, ZnO^ by abstraction of from zinc hydrate, 
Zn'^jCL The essential character of these oxygenated radicals is 
that each of the oxygen atoms contained in them is united to the 
other atoms by one unit of e^uivaleney only, so that the radical 
has necessarily one or two umts unconnected ; thus — 

Hydroigrl, .... H — O — 

Potassoxyl, .... K — O — 

Zincoxyl, . . . — O — ^Zn — O — 


From the preceding explanations of the mode of derivation of 
compound radicals, it is clear that there is no limit to the number 
of them which may be supposed to exist ; in fact, it is only neces- 
sary to suppose a ntuuber of units of equivalency abstracts from 
ray satum^ molecule, in order to obtain a radical of correspond- 
ing combining power or equivalent value. But unless a radical can 
be supposed to enter into a considerable number of compounds, thus 
forming them into a group like the salts of the same metal, there 
is not^g gained in point of simplicity or comprehensiveness by 
assuming its existence. 

It must also be distinctly understood that these compound radi- 
cals do not necessarily exist in the separate state, and that those 
of uneven equivalency, like methyl, cannot exist in that state, 
their molecules, if liberated from combination with others, always 
doublii^ themselves, as wo have seen to be the case with most of 
the elementary bodies. Thus hydroxyl — O — H is not known in 
the free state, the actually existing compound containing the same 
]^TOTtiop8 of hydrogen and oxygen being OjjH, or H— -O— O — H. 
In like mraner, methyl, CHj, has no separate existence, but 
dimethyl, CgH^, is a known compound : — 


, Methyl. 

CH, 


Dimethyl. 

CHj 
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CHKMICAL AFFINITY. 

ji Thk term chemical alHnity, or chemical attraction, is used to 
I, deKcribe tliat j»articular power or force, in virtue of which, union, 
often of a very intimate and permanent nature, takes place between 
, two or more bodies, in such a way as to give rise to a rmo sub- i 
stance, having, for tlie most part, properties completely in dis- ! 
I conlunce with those (d’ its components. * 

The attraction thus exerted oetween different kinds of matter is 
' to be distinguished from other modifications of attractive force 
which are exerted indiscriminately between all descriptions of 
substances, sometimes at enormous distances, sometimes at inter- 
vals quite inappreciable. Examples of the latter are to be seen in 
cases of whidi is called cohcMon, when the particles of solid bodies 
are immovably bound toother into a mass. Then, there are other 
effects of, if possible, a still more obscure kind ; such as the various 
actions of surface, the adhesion of certain liquids to glass, the 
repulsion of others, the ascent of water in narrow tub^ and a 
multitude of curious phenomena which are described in works on 
Natural Philosophy, under the head of molecvlar aetiona. From 
all these, true chemical attraction may be at once distinguished by 
the deep and complete change of characters which follows its exer- 
tion : we might define am nity to be a force_ by which, new 
subs^ces are gen^t^. 

' It se'ems'tb'l^ a general law that bodies most opposed to each 
other in chemical properties evince the greatest tendency to enter 
into combination ; and, conversely, bodies between which strong 
anal(^es and resemblance can be traced manifest a much smaller 
amoimt of mutual attraction. For example, hydrogen and the 
metals tend very strongly indeed to combine with oxygen, chlo- 
rine, and iodine, but the attraction between the different members 
of these two groups is incomparably more feeble. Sulphur and 
phosphorus stand, as it were, midway : they combine with sub- 
stances of one and the other class, their properties separating 
them sufficiently from both. Acids are drawn towards alkalis, and 
alkalis towards acids, while union among themselves rarely if ever 
takes place. 

Nevertheless, chemical combination graduates so imperceptibly 5 
into mere mechanical mixture, that it is often impossible to mark I 
the limit. Solution is the result of a weak kind of affinity exist- 1 
ing between the substance dissolved and the solvent — an affinity 
; so feeble as completely to lose one of its most prominent features 
, when in a more exalte condition — ^namely, power of causing ele- 
vation of temperature ; for in the act of mere solution, the tem- 
> perature falls, the heat of combination being lost and overpowered 
by the effects of change of state. 
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I TJie foice of chemical attraction thus varies greatly with the 
pidiUSKS th4 substances between which it is exerted ; it is it^u- 
aice4 xncs^ver, to a very large extent, by external or ^veutitious 
cil^tu^gtances. An idea formerly prevailed that the relations of 
s^fib^ywere fixed and constant between the same substances, wd 
great pains were taken in the preparation of tables exhibiting 
what was called the precedence of affinities. The order pointea 
out in these lists is now acknowledged to represent the order of 
precedence /or tits circmnstances under which the experiments were 
made, but nothing more ; so soon as these circumstances become 
changed, the order is disturbed. The ultimate effect, indeed, is 
not the result of the exercise of one single force, but rather the 
Joint effect of a niunber, so complicated and so variable in 
intensity, that it is but seldom possible to predict the consequences 
of any yet untried experiment 

It will be proper to examine shortly some of these extraneous 
causes to which alhmon has been maile, which modify to so great 
an extent the diiect and original effects of the specific attractive 
force. 

f Alteration of temi>eiature may be reckoned among these. 
When metallic mercury is heated nearly to its Ijoiling-point, and 
in that state exposed for a long time to the air, it ^>sorb8 oxy- 
gen, and becomes converted into a dark-red crystalline i)owder. 
This very same substance, when raised to a still higher tempera- 
ture, separates spontaneously into metallic mercury and oxygen 
gas. It may be said, and probably with truth, that the laUer 
change is greatly aide<l by the tendency of the metal to assume 
the vaporous state ; but precisely the same fact is observed with 
another metal, palladium, which is not volatile, excepting at 
extremely high temperatures, but which oxidises superficially at 
a red heat, and again becomes reduced when the temperature rises 
to whitenesa 

Insolubil^ and the power of vaporisation are perhaps, beyond 
all other disturbing “causes, the most' potent ; they interfere in 
almost every reaction vrhich takes place, and very frequently turn 
the scale when the opposed forces do not greatly differ in energy. 
It is easy to give examples. When a solution of calcium chloride 
is mixed with a solution of ammonium carbonate, double inter- 
change ensues, calcium carbonate and ammonium chloride being 
generated : CaCl^ + = CaCOj + 2NH4CI. Here the 

action can be shown to be m a great measure determined by the 
insolubility of the calcium carbonate. On the other hand, whqn 
dry calcium carbonate is powdered and mixed with ammoniu^ 
chloride, and the whole heated in a retort, a sublimate of ammo- 
nium carbonate is formed, while calcium chloride remains behind. 
In this instance, it is no doubt the great volatility of the new am- 
moniacal salt which chiefly determines the kind of decomposition. 

When iron filings are heated to redness in a porcelain tube, and 
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vapour of water is passed over them, the water undergoes decomr 
position with the utmost facility, h^^drogen being rapidly disen- 
gaged, and the iron converted into oxide. On the other hand, oxii^ 
of iron, heated in a tube through which a str^n of drv hyd^en 
is passed, suifers ahiiost instantaneous reduction to the metallic 
state, while the vapour of water, carried forward by the current 
of gas, escapes as a jet of steam from the extremity of the tube. 
In these experiments the affinities between the iroA and oxygen 
and the hydrogen and oxygen are so nearly balanced, that the 
difference of atmosphere ib suSSicient to settle the point. An atmo- 
sphere of steam offers little resistance to the escape of hydrogen; 
an atm < le of hydrogen bears the same relation to steam ; and 
this ap]>arently trifling difference of circumstances is quite enough 
for the purpose. # 

What Js called the nascent state is one very favourable to 
chemical combination. Tlius, nitrogen refuses to combine with 
gaseous hydrogen ; yet when these substances are simultaneously 
Ul)erated from some previous combination, they unite with great 
ease, as when organic matters are destroyed by heat, or by spon- 
taneous putrefactive change. 

There is a remarkable, and, at tlie ^ne time, Very extensive 
class of actions, gi'ouped together undJF the general title of cases 
of disposing[ affi nity. Metallic silver does not oxidise at any 
temperature : nay, more, its oxide is easily decomposed by simple 
heat; yet if the finely divided metal be mixecl with siliceous 
matter and alkali, and ignited, the whole fuses to a yellow trans- 
parent glass of silver silicate. Platinum is attacked by fused 
]X)tas8ium hydrate, hydrogen being probably disengaged wmile the 
metal is oxidised : this is an effect which never happens to silver 
under the same circumstances, although silver is a much more 
oxidable substance than platinum. The metis, that potashfortos with 
the oxhle of the last-named metal a kind of saline compound, in 
which the platinum oxide acts as an acid; and hence its lormation 
under the disposing influence of the powerful base. 

In the remarkable decompositions suffered by various organic 
bodies when he^ited in contact with caustic alkali or lime, we have 
other examples of the same fact. Products are generated which 
are never formed in the absence of the base; the reaction is 
invariably less complicated, and its results fewer in number and 
more definite, than in the event of simple destruction by a 
graduated heat. 

Them is yet a still more obscure class of phenomena, colled 
caialys^^ in which effects are brought about by the mere presence 
oftriatfastance whicb no per ceptible cliaf^r TTfe 

experiment mentioned in the chapter^ on^^syjSen^in^wEicn that 
gas is obtained, with the greatest facility, by heating a mixture 
of potassium chlorate and manganese dioxide, is a case in 
])oint. The salt is decomposed at a very far lower temperature 
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than would otherwise be required, and yet the manganese oxide 
does not appear to undergo any alteration, bein^ found after the 
experiment in the same state as before. It may, nowever, undergo 
a temporary alteration. We know, indeed, that this oxide is 
capable of takii^ up an additional proportion of oxygen and 
forming manganic acid ; and it is quite possible that m the re- 
action just considered it may actually take oxygen from the 

E otasaium chlorate, and pass to the state of a higher oxide, which 
owever, is immediately decomposed, the additional oxygen being 
evolved, and the manganese-oxide returning to its original state. 
The same effect in facilitating the decomposition of the chlorate is 
produced by cupric oxide, ferric oxide, and lead oxide, all of 
which are known to be susceptible of higher oxidation. The 
oxides of zinc and magnesium, on the contraay, which do not 
form higher oxides, are not found to facilitate the decomposition 
of the chlorate ; neither is any such effect produced by mixing the 
salt with other pulverulent substances, such as pounded glass or 
pure silica. 

The so-called catalytic actions are often mixed up with other 
effects which are much more intelligible, as the action of finely 
divided platinum on cer^n gaseous mixtures, in which the solid 
appears to condense the ^ upon its gi^atly extended surface, and 
thereby to induce combination by bringing the particles wdthin 
the spnere of their mutual attractions. 

Influence qf Presmre m (Jh^miml — ^Wheu a body is de- 

compo^d by liSat in a confined space, and one or more of the 
separated elements (ultimate or proximate) is gaseous, the decom- 
position goes on until the liberated gas or vapour has attained a 
certain tension greater or less according to the temperature. So 
long as this temperature remains constant, no further decomposition 
takes place, neither does any portion of the separated elements 
recombine : but if the temperature be raised, decomposition recom- 
mences, and goes on till the liberated gas or vapour has attained a 
certain higher tension, also definite for that particular temperature ; 
if on the other hand the temperature be lowered, recomposition 
takes place, until the tension of the remaining gas is reduced to 
that wnich corresponds to the lower temperature. These pheno- 
mena, which are closely analogous to those exhibited in the vapo- 
risation of liquids have been especially studied by DeviUe and 
Debray.* Deville designates decomposition under tnese conditions 
by the term ‘^Dissocation;^^ but the utility of this new word is 
by no means obvious. 

When calomm carbonate is heated in an iron tube, from which 
the air has been exhausted by means of a mercury-pump, no decom- 
position takes place at 300°, and a scarcely perceptible decomposi- 

* Supplement to Watts's Dictionary of Chemistry, p. 426. 



CHEMICAL AFFINITY. 


257 


tion at 440® ; but at 800° (in vajpour of cadmium) it becomes very 
perceptible, and goes on till the tension of the evolved carbon 
dioxide becomes equivalent to 85 millimeters of mercury ; there it 
stops so long as the temperature remains constant; but on laising 
the temperature to 1040® (in vapour of zinc) more carbon dioxide 
is evolved until a tension equivalent to about 520 mm. is attained. 

If the tension be reduced by working the punin, it is soon restored 
to its former value by a fresh evolution of carbon dioxide. If, on 
the other hand, the appamtus be allowed to cool, the carbon dioxide 
is gradually reabsorbed by the quicklime, and a vacuum is ve- 
established in the apparatus. 

Similar phenomena are exhibited in the efflorescence of hydrated 
salts, and in the decomposition of the compounds of ammonia with " 
metallic chlorides, in closed spaces. 

If the decomposed body, as well as one at least of its constituents, 
is gaseous, it is not possible to obtain an exact measurement of the 
maximum tension corresponding to the temperature ; nevertheless 
the decomposition is found to take place according to the same 
general law, ceasing as soon as the liberated gases have attained a 
certain tension, which is greater as the temperature is higher. 

It has long been known that chemical combination between any 
two bodies capable of uniting directly talfes place only at and above 
a certain temperature, and that the combination is broken up at a 
higher temperature ; but it is only in later years that we have 
become acquainted with the fact that bodies like water begin to 
decompose at temperatures considerably below that which they 
produce in the act of combining, and therefore that their combina- 
tion at that temperature is never complete. Grove showed some 
years ago that water is resolved into its elements in contact with 
intensely ignited platinum. This reaction has l>een more closely 
studied oy Deville, who finds that when vapour of water is passed 
through a heated platinum tube, decomposition commences at 
960®-! 000® (about tne melting point of silver), but proceeds only ‘ 
to a limited extent ; on raising the temperature to 12tX)°, further 
decomposition takes place, but again only to a limited amoimt, 
ceasing in fact as soon as the liberated oxygen and hydrogen have 
attained a certain higher tension. The quantity of these gases 
actually collec^d in this experiment is, however, very small, the 
greater portion of them recombining as they pass through the cooler 
part of the apparatus, till the tension of the remainder is reduced 
to that whicn coiTesponds to the lower temperature. * 

The recombination of the gases may be prevented to a certain 
extent by means of an apparatus consistiujg of a wide tube of 
glazed earthenware, through the axis of which passes a narrower 
tube of porous earthenware, the two being tightly fitted by per- 
forated corks provided with gas-delivery tubes, and the whole 
strongly heated by a furnace. Vapour of water is passed through 
the inner tube, carbon dioxide through the annular space between 
the two, and tne gases, after passing through the heated tubes, are 

R 
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received over caustic potash-solution. The vapour of water is then 
decomposed by the heat as befoi'e ; but the hydrogen, according to 
the laws of mfFusion, passes tlirough the porous earthenware into 
the surrounding atmosphere of carbon dioxide, being thus separ- 
ated from the oxygen, which remains in the inner tube, and 
becomes mixed with carbon dioxide pissing through the j)orous 
septum in the opposite dii'ectiou to the*hydrogen. As tliese gases 
pass through the alkaline water, the carbon dioxide is absorbed, 
and a mixture of hydrogen and oxygen collects in the receiver. A 
gram of water passed in the state of vajiour through such an appa- 
rntus yields about a cubic centimeter of detonating gas. 

The retarding influence of pressure is seen also in the action of 
acids upon zinc, or the electrolysis of water, in sealed tubes. In 
these cases the elimination of a gas is an essential condition of the 
change, and this being preventcil, the action is retarded. On the 
other hand, there are numerous reactions which are greatly pro- 
moted by increased pressure — those, namely, which depend on the 
solution of ^ses in^liuuids, or on the ]>rolonge<l contact of sub- 
stances which mider oitlinaiy pi-essure would be volatilised by heat. 

Relations of Heat to Clu^iaU A ffinity . — Whatever may be the 
real nature of chemical aftnity, one most important fact is clearly 
established with regard to it ; namely, that i^ inaiiifestations are 
always accompanied by the ];>ro<luction or uniuKniTlibi'x^iif h^t. 
Change of composition, or chemical action, aiitl heat are mutually 
convertible : a given amount of chemical action will give rise to a 
certain definite amount of heat, which quantity of heat must be 
directly or indirectly expended, in order to reverse or undo 
the chemical action that has pr(iduce<l it. The production of 
heat by chemical action, and the definite truant itative relation 
between the amount of heat evolved and the (quantity of 
chemical action which takes place, aie roughly iinlicated by the 
facts of our most familiar experience ; thus, for instance, the only 
practically imixirtant method of producing heat artificially consists 
m changing the elements of wood and coal, together with atmo- 
spheric oxygen, into carbon dioxide mid Avater; and every one 
knows that the heat thus obtainable from a given quantity of coal 
is limited, and is, at least approximately, always the same. 

The accurate measurement of the c|uantity of heat produced by 
a given amount of chemical action is a problem of very great 
dimcidty; chiefly because chemical changes very seldom take 
place alone, but are almost always accompanied by physical 
changes, involving further calorimetric eflects, each oi which 
requires to accurately measured and alloweil for, before the 
effect due to the chemical action can be rightly estimated. Thus 
the ultimate result has, in most cases, to be deduced from a great 
number of independent measurements, each liable to a certain 
amount of error. It is therefore not surprising that the results of 
various experiments should differ to a comparatively great extent, 
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and that«oine uncertainty should still exist as to the exact quantity 
of heat corresponding to even the simplest cases of chemical action. 
The experiments are made by enclosing the acting substances in 
a vessel called a calorimeter, surrounded by water or mercury, the 
rise of temperature in which indie; tes the quantity of heat evolved 
by the chemical action, after the necessary corrections have been 
made for the heat absorbed hj the containing vessel and the other 
parts of the apparatus, and for the amount lost by radiation, &c. 
Combustions in oxygen and chlorine are made in a copper vessel 
surrounde<l by water ; the heat evolved bv the mutual action of 
li(3uids or dissolved substances is estimatea by means of a smaller 
calorimeter containing mercury. The construction of these instru- 
ments and the methods of observation involve details which are 
beyond the limits of this work,* 

The following table gives the quantities of heat, expressed in 
licat-unitSjt evolved in tne combustion of various elements, and a 
few compounds, in oxygen, referred : (1) to 1 gram of each sub- 
stance burned; (2) to 1 gram of oxygen consume; (3) to one atom 
or molecule (expressed in grams) of the various substences : -- 


Heat of Combustion of Elementary Substances in Oxygen. 




Units of heat evolved. 


Substance. 

Product 

■99 

By 1 

By 1 at. 

Observer. 



fjrrum of 

gram of 

of sub- 




substance 

oxygen. 

stance. 


Hydrogen . . . 

HjO 

{ 33881 
( 34462 

4235 

4308 

33881 

34462 

Andrews. 

Favre & Silber- 

Carbon — 





[mann. 

Wood-charcoal . 

COj 

llHj 

2962 

3030 

94800 

96960 

Andrews. 

Favre & Silber- 

Gas-retort carbon 

} » 


3018 

96564 

,, [mann. 

Native graphite 


7797 

2924 

93564 


Artificial graphite 

♦ J 

77«2 

2911 

93144 

f t 

Diamond . . . j 

Sulphur — 

If 


2914 

93940 

ff 

Native , , . . 

SO, 

2220 

2220 

71040 

1 1 

Becently melted . 

>> 


2260 

72320 

>> 

Flowers. . . . 

Phosphorus- - 

f > 


2307 

73821 

Andrews. 

(Yellow) . . . 

zlS 

5747 

4454 

178157 

»t 

Zinc 

1330 

5390 


» t 

Iron 

1*6304 

1582 

4153 

88592 

t y 

Tin 

SnOj 

1147 

4230 

135360 

yy 

Copper .... 

CuO 

603 

2394 

H 

>> 


I Miller’s Chemical Physics, pp, 338, et seq., and Watts’s Dictionary 
of Chemistry, iii. 28, 103. 

t The unit of heat here ado])ted, is the quantity of heat required to raise 
1 gram of water from 0® to I*" C. • . 
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The following xesiUta have heen obtained by the complete com- 
bustion of partially oxidised substances : — 




Units of heat evolved. 


Substance. 

Product. 

By 1 gram 
of 

substance. 

In formation 
of 1 molecule 
of the ultimate 
product. 

Obseiver. 

Carbon monoxide, ) 

CO . . . . i 

COa 

(2403 


1 Favre k Sil 

1 bermann. 


(2431 


Andrews. 

Stannous oxide, SnO 

SnOj 

519 

69584 

9 y 

Cuprous oxide, CugO 

i CuO 

1 

256 

18304 

9 9 


The last three substances in this table contain exactly half as 
much oxygen as the completely oxidised products ; and on com- 
paring the amount of heat evolved in the formation of one molecule 
of stannic or cupric oxide from the corresponding lower oxide, 
with the quantity produced when a molecule of the same product 
is formed by the complete oxidation of the metal in one operation, 
we find that the combination of the second half of the oxygen con- 
tained in these bodies evolves sensibly hall* as much as the com- 
bination of the whole quantity. In the formation of carbon di- 
oxide, however, the second half of the oxygen appears to develope 
more than two-thirds of the total amount of heat ; but this result 
is probably due, in part at least, to the fact that when carbon is 
burned into carbon dioxide, a considerable but unknown quantity 
of heat is expended in converting the solid carbon into gas, and 
thus escapes measurement ; while, in carbon monoxide, the carbon 
already exists in the gaseous form, and therefore no portion of the 
heat evolved in the combustion of this substance is similarly 
expended in producing a change of state. 

It seems probable, also, that a similar explanation may be given 
of the inequalities in the quantities of heat produced by the com- 
bustion of different varieties of pure carbon and of sulphur — that 
is to say, that a portion of the heat generated by the combustion ‘ 
of diamond and graphite goes to assimilate their molecular con- 
dition to that of wood-charcoal, and that there is an analogous 
expenditure of heat in the combustion of native sulphur. 

The quantities of heat evolved in the combination of chlorine, 
bromine, and iodine with other elements have been determined 
by Favre and Silberaiann, Andrews, and others; but we must 
refer to larger for the results.* 

* Wattses Dictionary of Chemistry, iii. 109. 
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Reactions in Presence of Water, — The thermal effects which may 
result from the reaction of different substances on one another in 
presence of water, are more complicated than those resulting from 
direct combination. In addition to the different specific heats of 
the re-agents and products, and to the different quantities of heat 
al)Sorbed by them in dissolving, » ; given out by them in combin- 
ing with water, the conversion of soluble substances into insoluble 
ones, as a consequence of the chemical action, or the inverse change 
of insoluble into soluble bodies, are among the secondary causes to 
which part of the calorimetric effect may be due in these cases. 
'vWhen a gas dissolves in water, the heat due to the chemical 
action is augmented by that' due to the liquefaction of the gas ; so 
If also when a solid body i_s dissolved in water, the total thermal | 
effect is due in part to the chemical action taking place between ! 
the water and the solid, and in parTEo the liquefaction of the sub- j 
stance dissolved. In the former case the chemical and physical 
parts of the phenomenon both cause evolutiqnj^h^t ; in the 
latter case the physical change occasions" heat,- 

and if this effect is greater than that due to the chemical action, 
the ultimate effect is the production of cold, and it is this which is 
generally observed, 

Coldproduced by Chemical Decomposition, — It is highly probable 
that the thermal effect of the reversal of a given chemical action 
is in all cases equal and opposite to the thermal effect of that action 
itself. A direct consequence of this proposition is that the separ- 
ation of any two bodies is attended with the absorption of a qmntity 
of heat eqml to that which is evolved in their combination. The truth 
of this deduction has been experimentally established in various 
cases, by Wood,* Joule, t and Favre and Silbermann, by comparing 
the heat evolved in the electrolysis of dilute sulphuric acid, or 
solutions of metallic salts, with that which is developed in a thin 
metallic wire by a current of the same strength : also by comparison 
of the heat evolved in processes of combination accompanied by 
simultaneous decomposition, with that evolved when the same 
combination occurs between free elements. 

By determining the heat evolved when different metals were 
dissolved in water or dilute acid. Wood found that it was less than 
that which would be produced bv the direct oxidation of the same 
metals, by a quantity equal to tnat which would be obtained by 
burning the hydrogen set free, or which was expended in decom- 
posing the water or acid ; and, therefore, that when this latter 
quantity was added to the results, they agreed with the numbers 
given by experiments of direct oxidation. 


♦ Phil. Mag., [4] ii. 368; iv. 370. 


t Ibid., iii. 481. 
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ELECTRO-CHEMICAL DECOMPOSITION ; CHEMISTRY 
OF THE VOLTAIC PILE. 

When a voltaic current of considerable power is made to travoi’se 
various compound liquids, a separation of the elements of these 
liquids ensues : provided tliat the liquid be capable of conducting 
the cuiTCnt, its decomposition almost ahvays follows. 

The elements are disengaged solely at the limiting surfaces of 
the liquid, where, according to the common m<xle of speech, the 
current enters and leaves the latter, all the intermediate portions 
appearing perfectly quiescent. In addition, the elements are not 
separated indifferently and at random at these two surfaces ; but, 
on the contrary, make their appearance with perfect uniformity 
and constancy at one or the other, according to their chemical 
character, namely, oxygen, chlorine, iodine, acids, &c., at the 
surface connected with the copper^ or positive end of the battery ; 
hydrogen, the metals, &c., at the surface in connection with the 
zincy or negative extremity of the arrangement. 

The terminations of the battery itself — usually, but by no means 
necessarily, of metal — are designated poles or electrodesy^ as by 
their intervention the liquid to be experimented on is made a part 
of the circuit. The process of decomposition by the current is 
called electrolysis^f and the liquids, which, when thus treated, yield 
up their elements, are denominated electrolytes^ 

When a pair of platinum plates are plunged into a glass of 
water to which a few drops of oil of vitriol have been added, and 
the plates connected by wires with the extremities of an active 
battery, oxygen is disengaged at the positive electrode, and hydro- 
gen at the negative, in the proportion of one measure of the former 
to two of the latter nearly. This experiment has l>efore been 
described.1 

A solution of hydi’ochloric acid mixed with a little Saxon blue 
(indigo), and treated in the same manner, yields hydrogen on the 
negative side and chlorine on the positive, the indigo there becom- 
ing bleached. 

Potassium iodide dissolved in water is decomposed in a similar 
manner: the free iodine at the positive side can be recognised by' 
its brown colour, or by the addition of a little gelatinous starch. 

All liquids are not electrolytes ; many refuse to conduct, and no 
decomposition can then occur ; alcohol, ether, numerous essential 
oils, and other products of organic chemistry, besides a few saline 
inorganic compounds, act in this manner, and completely arrest 
the current of a powerful battery. 

• From fjXe/crpoVj and a way. 
f' From i^XeKTpov, and Xveiv, to loose. J Page 133. 
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One of the most important and indispensable conditions of 
electrolysis is fluidity ; bodies which, when reduced^ to the liquid 
state, conduct freely, and as freely suffer decomposition, become 
almolute insulators to the electricity of the battery when they 
become solid. Lead chloride offers a pood illustration of this fact; 
when fused in a porcelain cruciole, it gives up its elements with 
the utmost ease, and a galvanometer, interposea 8omew;here in the 
circuit, is strongly affected. But when the source of heat is with- 
drawn, and the salt suffered to solidify, signs of decomposition 
cease, and at the same moment the magnetic needle reassumes its 
natural position. In the same manner, the thinnest film of ice 
arrests the current of a powerful voltaic apparatus ; but the instant 
the ice is li(mefied at any one i)oiiit, so that water communication 
is restored wtween the electrodes, the current again passes, and 
decomposition occurs. Fusion l)y heat, and solution in aqueous 
liquids, answer the purpose equally well. 

Generally speaking, compound liquids cannot conduct the elec- 
tric ciirrent without being decomposed ; but still there are a few 
exceptions to this statement, which perhaps are more apparent 
than real. Thus Hittorf has shown that fused silver sulphide, 
whicli was fonnerly regarded as one of the exceptions, cannot be 
considered to be so", and Beetz has since proved the same to be the 
case as regards mercuric iodide and lead fluoride. 

The quantity of any given conipound liquid which can be 
decomposed by any given electric battery depends on the resist- 
ance of the liquid : the more resistance the less decomposition. 
Distilled water has only a small power of conduedi^n, and is there- 
fore only slightly decomposed by a battery of 30 to 40 pairs; 
whilst dilutcfl suljdiuric acid is one of the best of fluid conductors, 
and undergoes rapid decomposition by a small battery. 

When a liquid which can be decomposed, and a galvanometer, 
are included in the circuit of an electric current, if the needle of 
the galvanometer l)e deflected, it may be always assumed as certain 
that a portion of licpiid, bearing a proportion to the strength of 
the current, is decomposed, although it may be impossible in many 
cases, without special contrivances, to detect the products of the 
decomposition, on accoimt of their minuteneSvS. 

The metallic tenninations of the battery, the poles or electrodes, 
have, in themselves, nothing in the shape of attractive or repulsive 
power for the elements separated at their surfaces. Finely uivided 
metal suspended in water, or chlorine held in solution in that 
liquid, shows not the least symptom of a tendency to accumulate 
around them ; a single element is altogether unaffected — directly, 
at least; separation from previous combination is required, in 
order that this ajipearance should be exhibited. 

It is necessary to examine the process of electrolysis a little 
more closely, \\nien a portion of hydrochloric acid, for exainple, 
is subjectett to decomposition in a glass vessel with parallel sides, 
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cUortne is disengaged at tlie positive electrode, and hydrogen at 
the {native : the g^s are perfectly pure and unmixed. If, while 
the decompositioB is rapidly proceeding, the intervening li^d be 
examined by a beam of lignt, or by other means, not the sfigh^t 
disttirbance of movement of any kind will be perceived ; nothing 
like currents in the liquid or Ixxiily transfer of gas from one part 
to another ,can« be detected ; and yet two portions of hydrochloric 
acid, separated perhaps by an interval of four or five inches, may 
be respectively evolving pure chlorine and pure hydrogen. 

There is, it would seem, but one mode of explaining this and 
all similar eases of regular electrolj'tie decomposition : this is by 
assuming that all the pirticles of hydrochloric avid between the 
electrodes and by whiclx the current is conveyed, simultaneously 
suffer decomposition, the hydrogen tmvelling in one <Iirection, 
and the chlorine in the other. The neighlKniring elements, thus 
brought into close proximity, unite aiid ivj)riMluce hydrochloric 
acid, agjiin destined to be decomposed by a repetition of the? same 
change. In this manner, eacli paiticle of hy«ln)gen may be made 
to travel in one direct iem, bv becoming suc(*essively unittHl to each 
particle of chlorine hehveeu itself and the negative oleetnKle ; 
when it reaches the latter, timling no disengaged particle of 
chlorine for its I’eception, it is rejected, as it weiv, from the series, 
and thrown off in a separate state. The siime thing happens to 
each particle of chlorine, which at the siinie time passes contin- 
ually in the opposite direction, by combining siic<*essivelv With 
each particle of by«lmgen, that luoiuent sejKtmte^l, with wbich it 
meets, until atjength it arrives at the positive ]>late or wire, and 
is disengaged. A succession of particles of hydrogen is thus 
continually thrown oft* from the decomposing mass at one extrem- 
ity, and a correspomling succession of particles of chlorine at the 
other. The power of the current is exerted with equal eneigy in 
every part of the liquid conductor, though its effecU become mani- 
fest only at the very extremities. The action is one of a purely 
molecular or internal nature, and the metallic terminations of the 
battery merely serve the purpose of completing the connection 
between the latter and the li<iuid to be decomposed. The figures 
117 and 118 are intended to assist the imagination of the reader, 

Fipf. 117. 
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Hydrochloric acid in its usual state. 

who must at tae same time avoid regarding them in any other 
light than that of a somewhat figurative mode of representing the 
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eurioug phenomena deecribed. The circles are intended to indi- 
cate the elements, and are distinguished by their respective eymltok. 

Hff.llS. 
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Hydrochloi ic acid undergoing electrolysis 

Like hydrochloric acid, all electrolytes, when acted on by elec- 
tricity, are ^lit into two constituents, which pass in opposite 
directions. The one class of substances, like oxygen, chlorine, 
&c., are evolved at the positive electrode ; the other class, like 
hyclrogen and the metals, at the negative electrode. 

It is of importance to remark that oxygen - salts, such as 
sulphates and nitrates, when acted on by the current, do not 
diricle into acidaiul basic oxide, but, as Daniell and Miller pro verl, 
into mebil and a compound substance, or group of elements, which 
is transferred in siicu a state of association that, as regards its 
electrical behaviour, it represents an element. Thus, cupric 
suljihttte, CUSO4, splits? not into SO3 and CuO, but into metallic 
copper and ffvfphioiiej SO4, Hydrogen sulphate, or sulphuric acid, 
HjjS 04, di\^des into tin*, siiine com])ound group and hydrogen. In a 
similar way, also, the pait of the electrolyte which passes to the nega- 
tive pole may consist of a group of elements. A solution of sal- 
ammoriitu*, NH4CI, furnishes a beautiful instance of this fact, since it 
is decomposed by the cuiTent in such a manner that the ammonium, 
NH4, goes to the negative pole, where it is resolved into ammonia, 
NH3, and free hydrogen, and the chlorine to the positive pole. 

A distinction must be carefully dravvui between true and regular 
electrolysis, and what is called secondaiy decomposition, brought 
about by the reaction of the bodies so eliminated upon the 
suiTounding liquid, or upon the substance of the electrodes : hence 
the advantage of platinum for the latter purpose, when electrolytic 
actions are to be studied in their greatest simplicity, tliat metal 
being scaniely attacked by any oixlinary agents. When, for 
example, a solution of lead nitrate or acetate is decomposed by the 
current between platinum plates, metallic lead is deposited at the 
negative- side, and a brown powder, lead dioxide, at the positive : 
the latter substance is the result of a secondary action ;*it proceeds, 
in fact, from the nascent oxygen, at the moment of its liberation, 
reacting upon the monoxide of lead present in the salt, and con- 
verting it into dioxide, which is insoluble in the dilute acid. 
When nitric acid is decomposed, no hydrogen appears at the 
negative electrode, because it is oxidised at the expense of the 
acid, which is reduced to nitrous acid gas. ^Vhen potassium 
sulphate, K2SO4, is electrolysed, hydrogen appears at the negative 
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electrode, tc^ther with on eqiuvnlent quantity of potassium 
hydrate, KI^, because the potascdum which is evolved at the 
dectrode immediately decomposes the water there present At 
the same time, the sulphione, SO4, which is transferred to the 
positive electrode, takes l^drogen from the water there present 
forming sulphuric acid, H2SO4, and liberating oxygen. In like 
manner hydrogen sulphate, or sulphuric acid itself, is resolved by 
the curreik into hydrogen and sulphione, which latter decomnoses 
the water at the positive electrode, repro<luciiig hydrogen sulphate, 
and liberating oxygen, just as if the w'ater itself were directly 
decomposed by the emrent into hydrogen and oxygen. A similar 
action takes place in the electrolytic deci^mposition of any other 
oxygen-salt ot an alkali-ineial, or alkaline earth-metal, alkali and 
hydrogen gas making their appearance at the negjitive electrode, 
acid and oxygen gas at tlie positive electrode. This observation 
explains a circumstance w'hich much perplexe<l the earlier experi- 
menters upon tJie chemical action of the voltaic l>attery. In all 
experiments in which water was decomp4>se<l, l>oth acid and alkali 
were Iil)enite<l at the electro^les^ even though distilled water was 
employed ; and hence it wiis believed for some time that the 
voltaic current had some mysterious jxiw'er of generating acid and 
alkaline matter. The true source ot these comjiounds wns, how- 
ever, traced by Davy,* who showed that they proceedetl from 
impurities eitiier in tVie water itself, or in the vessels whiidi 
coutained it, or in the surrounding atmosphere. Having proved 
that ortlinary distilled w^ater always contains traces of saline 
matter, he redistilled it at a tem])eTature l)elow the lioiling point, 
in order to avoid all risk of carrying over salts by splashing. He 
then found that when marble cups were used to contain the water- 
used for decomjK)sition, hydrochloric acid appeared at the positive 
electrode, soda at the negative, both Ixjing derived from soiliuin- 
chlori<le present in the marble ; when agate cups were used, he 
obtained silica; and when he used gold vessels, he obtained 
nitric acid and ammonia, which he traced to atmospheric air. 
By operating in a vacuum, indeed, the quantity of acid and 
alkali was reduced to a minimum, but the decomposition was 
almost arrested, although he operated with a battery of fifty piirs 
of 4-inch plates. Hence it is manifest that water itself is not an 
electrolyte^ out that it is enabled to convey the cuirent if it con- ’ 
tains only traces of saline matter.t 

If a number of different electrolytes, such as dilute sulphuric, 
acid, cupric sulphate, potassium iodide, fused lead chloride,' &c., 
be arranged in a series, and the same current be made to traverse 
the whole, all will suffer decomposition at the same time, but by 
no means to the same amount. If arrangements be made by 
which the quantities of the eliminated elements can be accurately 
ascertained, it will be found, when the decomposition has pro- 
♦ Philosophical Transactions, 1807. t Miller’s Chemical Physics, p. 484. 
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ceeded to some extent, that these latter have been disengaged 
exactly in the ratio of their chemical eqwimlents. The same 
current which decompoi^ 9 parts of water will 8ej)arate into 
their elements 166 pei^ of potassium iodide, 139 parts of lead 
chloricU, &c. Hence the very important conclusion : The actim of 
the current is perfectly definite in its nature^ producing a fixed aim 
constant a/mount of decomposition^ expressed in each electrolyte by the 
value of its chemical equivalent. 

From a very extended series of experiments, based on this and 
other methods of research, Faraclay was enabled to draw the 
general inference that effects of chemical decomposition are 
always proportionate to the quantity of circulating electricity, and 
may be taxen as an accurate and trustworthy measure of the 
latter. Guided by this highly important principle, he constructed 
his voltameter^ an instrument which has renaer^ the greatest 
service to electrical science. This is merely an arrangement by 
which dilute sulphuric acid is <lecom- 
posed by the current, the gas evolved 
oeing collecte<l and measured. By 
placing such an instmment in any part 
of the circuit, the quantity of electric 
force neciessary to produce any given 
effect can l)e at once estimated ; or, on 
the other hand, any ro(piired amount 
of the latter can be, as it were, 
measumd out and adjusted to the 
object in view. The voltameter has 
received many different forms : ont*. of 
the most extensively useful is that 
shown in fig. 119, in which the plati- 
num plates are separated by a very 
small interval, and the gas is collectecJ in a graduated jar standing 
on the shelf of the pneumatic tnuigh, the tube of the instrument, 
which is filled to the neck with dilute sulphuric acid, being passed 
beneath the jar. 

The decompositions produced by tlie voltaic battery can Ije 
effected by the electricity of the common machine, by that 
developed by magnetic action, and by that of animal origin, but 
to an extent incomparably more minute. This arises from the 
very small quantity of electricity set in motion by the machine, 
although its tension — that is, power of overcoming obstacles, and 
passing through imperfect conductors — ^is exceedingly great. A 

S air of small wires of zinc and platinum, dipping into a single 
rop of dilute acid, developes far more electricity, to judge from the 
chemical effects of such an arrangement, than very many turns 
of a large plate electrical machine in powerful action. Neverthe- 
less, polar or electrolytic decomposition can be distinctly and 
satisfactorily effected by the latter, although on a minute scale. 


Flff. 119. 
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With a knowledge of the principles laitl down, the stiuly of the 
voltaic Ixitteiy may be resumed and comj)leteil. In the 
place, two very <lilierent views have been lield concerning tb(* 
source of the electrical distiubance in that a])paratus. Volla 
himself ascribed it to mere contact of dissimilar metals m* othei 
substances conducting electricity, — to what was ilenoniinatetl an 
electro-motive force, ciilled into being by such contact Proof wa.*^ 
sxipposed to be given of this fundamental ])roposition by an 
exjKuimeiit in which discs of zinc and co})per attached to iiiHiilat- 
ing handles, after being brought into close contact, were found, by 
the aid of a very delicate gold-leal* tdectroscope, to be in opposite 
electrical states. It appeal’s, however, that the more cawdullv this 
experiment is made, the smaller is the effect observed ; and nence 
it is judged highly probable that the whole may be due to 
accidental causes, against which it is almost impossible to guard. 

On the other hand, the observation was soon made that the 
power of the battery always bears some kind of propoilioii to the 
chemical action upon the zinc; that, for instance, when pure 
water is used, the effect is extremely feeble ; with a solution of 
salt, it becomes much neater; and, lastly, with dilute acid, greatest 
of all ; so that some relation eridently exists between the chemical 
effect upon the metal and the evolution of electrical force. 

The experiments of Faraday and Daniell have given very great 
suppoit to the chemical theory, by showing that the contact of 
dissimilar metals is not necessary in order to call into being pow^er- 
ful electrical currents, and that the development of electrical force 
is not oidy in some way connected with the chemical action of the 
liquid of the batteiy', but that it is always in direct T>roportion Uy 
the latter. One very beautiful experiment, in which electrolytic 
decomposition of potassium iodide is i>erformed by a current gene- 
rated without any contact of dissimilar metals, can be thus made: — 
A plate of zinc is bent at a right angle, and cleaned by rubbing 
mtn sand-paper, A plate of platinum has a wire of the same 
metal attached to it hy cai'efiil riveting, and the 
Fifir- 120, ivire is bent into an area. A piece of folded filter- 
paper is wettetl with solution of potassium iodide, 
and i>laceil ujKm the zinc ; the platinum plate is 
arranged opjwsite to the latter, with the end of its 
wire resting uiK)n the paper ; and them the pa^ is 
plunged into a glass of dilute sulphuric, mixed 
with a few drops of nitric acid. A brown spot of 
iodine becomes in a moment evident beneath the 
extremity of the platinum wire — that is, at the 
positive side of the arrangement. 

A strong argument in favour of the chemical 
view is founded on the easily proved fact, that the 
direction of the current is determined by the kind 
of action upon the metals, the one least attac.ked being always 
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positive. L(it two ijolisheil plates, the one iron and the other 
(jopj^er, be coriiieeted by wires with a galvanometer, and then 
immersed in a solution of an alkaline sulphide. The needle in a 
moment indicates a ]K)wert‘ul current, passing from the copper 
through the liquid to the iron, and back again through the wire. 
Let the plates be now removed, cleaned, and plunged into dilute 
acitl ; the n<*edle is again driven round, but in the opj)osite direc- 
tion, the current now^ passing from the iron through the liquid to 
the copper. In th(* hrst instance, the copper is acted upon, and 
not the iron ; in tlie second, these conditions are reversed, and 
with them the direction of the current. 

The metals emjdoyed in the construction of voltaic batteries 
are zinc for the active metal, and copper, silver, or, stiU letter, 
platinum, for the inactive one : the greater the difference of oxid- 
ability, the better the arrangement. The liquid is either dilute 
sulphuric acid, sometimes mixed with a little nitric, or occa* 
sionally, where very slow and long-continued action is wanted, 
salt and water. To obtain the maximum effect of the apparatus 
with the least expenditure of zinc, that metal must be employed 
in a pure state, or its surface must be covered with an amalgam, 
which in its electrical relations closely resembles the pure metaL 
The zinc is easily brought into this condition by wetting it with 
dilute sulphuric acid, and then rubbing a little mercuiy over it, 
by means of a piece of rag tied to a stick. 

The princmle of the compoimd battery is, perhaps, best seen in 
the crown of cups : by each alternation of zinc, fluid, and copper, 
the cun*ent is uige<i forwards with increased energy ; its intensity 
is au^ented, but the actual amount of electrical force thrown 
into She current form is not increased. The quantity, estimated 
by its decomposing power, is, in fact, determined by that of the 
smallest and least active pair of plates, the quantity of electricity 
in every part or section oi the circuit being exactly equal. Hence 
large and small jdates, batteries strongly and weakly charged, can 
never be connected without great loss of power. 

When a battery, either simple or compound, constructed with 
pure or with amalgamated zinc, is charged with dilute sulphuric 
acid, a number of highly interesting phenomena may be observed. 
While the circuit remains broken, tne zinc is perfectly inactive, 
no acid is decomposed, no hydrogen liberated ; but the moment 
the connection is completed, torrents of hydrogen arise, not from 
the zinc, but from the copper or platinum surfaces alone, while 
the zinc undergoes tranquil and imperceptible oxidation and solu- 
tion. Thus, exactly the same effects are seen to occur in every 
active cell of a closed circuit, that are witnessed in a portion of 
sulphuric acid undergoing electrolysis: oxygen appears at the 
positive side, with respect to the current, and hydrogen at the 
negative; but with this difference, that the oxygen, instead of 
being set free, combines with the zinc. It is, in fact, a real case 
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of elBctroly^a, and ^ectrolytas alone ax^e available as c^citin<; 
liquids. 

Ooxnmon zinc is very readily attacl^ed and dissolved by dilute 
sulphuric acid; and this is usually supjxosed to arise from the 
formation of a multitude of little voltaic circles, by the aid of 
particles of foreign metals or graphite, paitially imbedded in the 
zinc. This gives rise in the battery to what is called local action, 
by which, in the common forms of apparatus, three-fourths or 
more of the metal is often consumed, without contributing in 
the least to the general effect, but, on the contrary, injuring it to 
some extent This evil is got rid of by amalgamating the sur- 
ikce. 

By careful experhneut^f in w'hich local action was completely 
avoided, it has been distinctly proved that the (juantity of elec- 
tricity set in motion by the battery varies exactly with the zinc 
dissolved. Coupling this fact with that of the definite a< tion 
of tbe current, it w ill be seen that when a perfect battery of this 
kind is employed to decompose hydrochloric acid, in order to 
evolve 1 grain of hydrogen from the latter, 32*5 grains of zinc 
must l)e dissolved as chloride, and its e<|iii valent quantity of 
hydrogen disengaged in each active cell of the battery — that is to 
say, that the electrical force genemted by the solution of an e<[ui- 
vadent of zinc iu the battery is capable of eflecting the decomposi- 
tion of an equivalent of hydrochloric acid or any other electrolyte 
out of it 

This is an exceedingly iinpoitant discoveiy ; it serves to show, 
in the most striking manner, the intimate nature of the connection 
between chemical and electrical forces, and their remarkable 
t|uantitative or equivalent relations. It almost seems, to use an 
expression of Faraday, as if a transfer of chemical force took place 
through the substance of solid metallic conductors ; that chemical 
actions, ealle<l into play in one portion of the circuit, could be 
made at pleasure to exhibit their effects without loss or cUminution 
in any otlier. 

There is an hypothesis, not of recent date, long countenancetl 
and supported by the illustrious Berzelius, which refers all chemi- 
cal phenomena to electrical forces — which supposes that bodies 
combine because they are in opj)osite electrical states ; even the 
heat and light accomimnying chemical union may be, to a certain 
extent, accounted for in this manner. In short, we are in such a 
position, that either may be assumed as cause or effect : it may be 
that electricity is merely a form or modification of oixlinary chemi- 
cal affinity ; or, on the other hand, that all chemical action is a 
manifestation of electrical force. 

This electro-chemical theory is no longer received as a true 
explanation of chemical phenomena to the full extent intended by 
its author. Berzelius, indeed, supposed that the combining ten- 
dencies of elements, and their functions in compounds, depend 
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altogether on their electric polarity ; and accordingly he divided 
the elements into two classes, the electro-positive, which, like 
hydrogen and the metals, move towards the negative pole of the 
battery, as if they were attracted by it, and the electro-negative, 
which, like oxygen, chlorine, and bromine, move towards the 
positive pole. We are, however, acquainted with a host of pheno- 
mena which show that the chemical mnctioiis of an element depend 
upon its position with regard to other elements in a compound, 
quite as much as iij)on its individual character. Thus chlorine, 
the very type of an electro-negative element, can be substituted 
f )r b j drogeii, one of the most positive of the elements, in a large 
number of compounds, yielding new i)roducts, which exhibit the 
closest analogy in comjiosition and proi)erties to the compounds 
from which they are derived. It is impossible, therefore, to admit 
that the ehemical functions of bodies are determined exclusively 
by their electrical relations. Still it is true in a general way that 
those elements which <lilfer most strongly in their electrical char- 
acters, chlorine and potassium, for example, are likewise those 
which combine together with the greiitest energy ; and the dhusion 
of bodies into electro-positive and electro-nejjative is therefore 
retained; the fonner are also called acid or chlorous, and the 
latter basyloiis or zincous. 

In all the older forms of the voltaic batteiy, such as those 
described on ])ages 98, 99, the power rapidly decreases, so that, after 
a short time, scai'cely the tenth part ot the original action remains. 
This loss of power depends, partly on the gradual change of the 
sulphuric acid into zinc sulphate, but still 
moi'e on the coating of hydrogen, and, at a 
later stage, on the precipitation of mebillic 
zinc on the copper plates. It is self-evident 
that if the copj)er plate in the liquid became 
covei^d with zinc, it would act electrically 
like a zinc plate. 

An apparatus of imiueuse value for pur- 
poses ot electro-cheiuic^il research, in which 
it is desired to maintain powerful and equable 
currents for many successive hours, has been 
contrived by Professor Daniell (fig. 121). 

Each cell of this “ constant batteiy consists 
of a copper cylinder 3^ inches in diameter, 
and of a height varying from 6 to 18 inches. 

The zinc is employed in the^form of a rod | 
of an inch in diameter, carefully amalgamated, 
and suspended in the centre of the cylinder. 

A second cell of porous earthenware or animal 
membrane intervenes between the zinc and 
the copper ; this is filled with a mixture pf 1 part by measure of 
oil of vitriol and 8 of water, and the exterior space with the same 
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liquid saturated with copper sulphate. A sort of little colander 
is fitted to the top of the cell, in w'hich. crystals of the copper 
sulphate are placed, so that the strength^ of the solution may 
remain unimpaired. When a communication is made by a wire 
between the rod and the cylinder, a strong current is pro- 
duced, the power of which may be increased to any extent by 
connecting a sufficient number of such cells into a series, on 
the principle of the crowm of cups, the copper of the first 
being attached to the zinc of the second. Ten such altera- 
tions constitute a ve^ powerful apparatus, which has the great 
advantage of retaining its energy imdiminished for a long 
time. 

By this arrangement of the voltaic battery, the accumula- 
tion of hydrogen and deposition of zinc on the surface of the 
copper plate is altogether avoided; the zinc in the porous cell, 
whilst it dissolves in the sulphuric acid, decomposes it, but does 
not liberate any hydrogen; for by the progress of the decoin 
position (see p, 264), up to the boundary of the copper solu- 
tion, the hydrogen takes the place of the copper, and thus 
ultimatelv the copper is precipitated on the copper plate. The 
copper pfate therefore remains in its original state, so long as 
a sufficient quantity of coj)per sulphate i^ present in the solu- 
tion. 

By increasing the generative and reducing the antagonising 
chemical affinities, Mr Grove succee<led in forming the constant 
nitric acid batteiy w'hich bears his name. This instrument » is 
capable of producing a far greater degree of power than the battery 
previously mentioned, and hence it has become one of the most 
important means of promoting electrical science in the present day. 
The zinc dips into dilute sulphuric acid ; and instea<i of a solution 
of copper, concentrated nitric acid is used, which surrounds a 
platinum plate. Tt is e\ndent that the electrolytic action which 
begins at the zinc passes through the sulphuric acid, and in a pre- 
cisely similar way through the contiguous nitric acid. Hydrogen 
would thus be liberated on the platinum plate. This action is not 
rendered visible by the evolution of gavS, but only gradually by the 
change of colour in the nitric acid : for the hydrogen liberated by 
the electrical action rforins water at the expense of the oxygen 
yielded by the nitric acid ; and by this means, so long as sufficient 
nitric acid is present, the purity of the surface of tlie platinum 
plate is maintained. 

One of the cells in this batteiy is irepresented in section in fig. 
122. The zinc plate is bent round, so as to present a double 
surface, and well amalgamated : within it stands a thin flat cell of 
porous earthenware, filled with strong nitric acid, and the whole 
IS immersed in a mixture of 1 part by measure of oil of vitriol and 
6 of wate?*, contained either in one of the cells of Wollastoii^s 
trough, or in a sepaiute cell of glazed porcelain, made for the 
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purpose. The apparatus is completed by a plate of platinum foil, 
which ^ps into the nitric acia, and forms the 
positive side of the anSbigement. With ten such Fis- 122 . 
•pairs, experiments of decomposition, ignition of 
wires, the light between charcoal points, &c., can 
be exhibited with great brUliancj, while the bat- 
tery itself is very compact and portable, and, to a 
great extent, constant in its action. The zinc, as 
in the case of DanielFs battery, is consumed only 
while the current passes, so that the apparatus 
may be arranged an hour or two before it is 
required for use, which is often a matter of great 
convenience ; and local action from the precipita- 
tion of copper on the zinc is avoided. 

Professor Bunsen has modihed the Grove battery 
by substituting for the platinum, dense charcoal or 
coke, which is an excellent conductor of electricity. 

By this alteration, at a very small expense, a battery may be made 
nearly as powerful and useful as that of Grove. On account of its 
cheapness, any one may put together one hundred or more of 
Bunsen's cells, by which the most magnificent phenomena of heat 
and light may be obtained. 

Figure 123 shows the form of the round carbon 
cylinder which is used in these cells. It is 
hollowed so as to receive a porous earthenware 
cell, in which a round plate of zinc is placed. 

The upper idge of the cylinder of carbon is well 
saturate witn wax, and is surrounded by a 
copper ring, by means of which it may be put 
in connection with the zinc of the adjoimng 
pair. 

Bunsen's carbon cylinder is likewise well 
adapted for the use of dilute sulphuric acid 
alone, without the addition of nitric acid. It is, 
however, better to saturate the dilute sulphuric acid with potas- 
sium bichromate. When this mixture contains at least double the 
amount of sulphuric acid which is necessary to decompose the 
chromate, a battery is formed which surpasses in power tne nitric 
acid battery, but does not furnish currents of the same con- 
stancy. 

Mr. Smee has contrived an ingenious battery, in which silver, 
covered with a thin coating of finely divided metallic platinum, is 
employed in association with amalgamated zinc and dilute sul- 
phuric acid. The rough surface appears to permit the ready 
disengagement of the bubbles of hydrogen. 

Within the last twenty-five years, several very beautiful and 
successful applications of voltaic electricity have been made, which 
may he slightly mentioned. Mr. Spencer and Professor Jacobi 

s 
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have employed it in copying, or rather in mnl tip lying, engravetl 
plates and medals, by depositing upon their surfaces a thin coating 
of metallic copper, which when separated from the original, 
exhibits, in revei’se, a most faithful representation of the latter. 
By using this in its turn as a mould or matrix, an absolutely 
perfect /ac-6*i7^M7^ of the plate or medal is obtained. In the former 
case, the impressions taken on paper are guite undistinguishable 
from those directly derived from the wort of the artist ; and as 
there is no limit to the number of electrotype plates 
Fig. 124. which can be thus produced, engravings of the most 
beautiful description may be multiplied indefinitely. 
The copper is very tough, and bears the action of 
the press perfectly well. 

The apparatus used in this and many similar pro- 
cesses is of the simplest possible kind. A trougn or 
cell of wood is divided by a porous diaphragm, made 
of a very thin piece of sycamore, into two parts; 
dilute sulphuric acid is put on one side, and a 
saturated solution of copper sulphate, sometimes 
mixed with a little acid, on the other. A plate of 
zinc is soldered to a wire or strip of copper, the 
other end of which is secured by similar means 
to the engraved copper plate. The latter is then 
immersed in the solution of sulphate, and the zinc in the acid. 
To prevent deposition of copper on the back of the copper plate, 
that portion is covered with varnish. For medals and small 
works, a porous earthenware cell, placed in a jelly-jar, may be 
used. 

Other metals may be precipitated in the same manner, in a 
smooth and compact form, by the use of certain T)recautions which 
have been gathered by experience. Electro-gilding and plating 
are now carried on very largely and in great perfection by Messrs. 
Elkington and others. Even non-comlucting bodies, as sealing- 
wax and plaster of Paris, may be coated witn metal ; it is only 
necessary, as Mr, Robert Murray has shown, to rub over them the 
thinnest possible film of plumbago. Seals may thus be copied in 
a very few hours with unen’ing truth. 

Becquerel, several years ago, published an exceedingly interest- 
ing account of certain experiments in which crystallised metals, 
oxides," and other insoluble substances had been produced by the 
slow and continuous action of feeble electrical currents, kept up 
for months, or even years. These products exactly resemble 
natural minerals ; and, indeed, the experiments throw great light 
on the formation of the latter within the earth.* 

The common but very pleasing experiment of the lead-tree is 
greatly dependent on electro-chemical action. When a piece of 
zinc is suspended in a solution of lead acetate, the first effect is 
♦ Traits de TElectricit^ et du Magn4tisme, iii. 239. 
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the decomposition of a portion of the latter, and the deposition 
of metallic lead* upon the surface of the zinc ; it is siinj>ly a 
displacement of a nfetal hy a more oxidable 
one. The change does not, however, stop here ; 
njetalli(*. lead is still deposited in large and beauti- 
ful plates upon that first throw i* down, until 
the solution becomes exhausted, or the zinc en- 
tirely disappears. The first portions of lead form 
with the zinc a voltaic arrangement of sufficient 
power to decompose the salt : under the peculiar 
circumstances in which the latter is placed, the 
metal is precipitated upon the negative portion — 
that is, trie lead — while the oxygen and acid are 
taken up by the zinc, 

Mr. Grove has contrived a battery in which an 
electrical current, of sufficient intensity to decom- 
pose dilute sulphuric acid, is produced by the 
leaction of oxygen upon hydrogen. Each element of this inter- 
esting apparatus consists of a pair of glass tubes to contain the 
gases, dipping into a vessel of acidulated water. Both tubes 
contain platinum plates, covered with a rough deposit of finely 
divided platinum, and furnished with conducting wires, whicn 
pass througli the tops or sides of the tubes, and are henne- 
tically sealed into the latter. When the tubes are charged with 
oxygen on the one side and hydrogen on the other, and the wires 
connected with a galvaiioscope, the needle of the instrument 
becomes instantly affected ; and when ten or more are combined 
in a series, the oxygen-tube of the one with the hydrogen ftibe of 
the next, &c., while the terminal wires dip into acidulated Avater, 
a rapid stream of minute bubbles from either wire indicates the 
decomposition of the liquid ; and when the experiment is made 
with a small voltameter, it is found that the oxygen and hydrogen 
disengaged exactly equal in amount the quantities absorbed by the 
act of combination in each tube of the battery. 

Heat developed by the Electric Current . — All parts of the electric 
circuit, the plates, the liquid in the cells of the battery, the con- 
ducting wires, and any electrolytes undergoing decomposition, all 
become heated during the passage of the current. The rise of 
temperature in any part of the circuit depends partly on the 
strength of the current, partly on its resistance, those bodies which 
offer the greatest resistance, or axe the worst conductors, being 
most strongly heated by a current of give# stren^h. Thus, when 
a thick and a thin wim of the same metal are included in the same 
circuit, the latter becomes most strongly heated, and a platinum 
wire is much more strongly heated than a silver or copper wire of 
the same thickness. 

By exact experiments it has been found that both in metallic 


Fig. 125. 
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wires and in liquids traversed by an electric current, the evolution 
of heat is directly proportional — 1st, to the resistance; 2d, to the 
strength of the current Joule has* also shown that the evolution of 
heat in each couple of the voltaic battery is subject to the same 
law, which, therefore, holds good in every part of the circuit, 
including the battery. 

The strength of an electric current is measured by the quantity 
of detonating gas (2 vols. H to 1 voL O) which it can evolve from 
acidulated whaler in a given time, and the unit of current strength 
is the current which eliminates one cubic centimeter of detonating gas 
at OP C. and 760 mm. barometric pressure in a minute. Now Lenz 
has shown that when a current of the unit of strength passes through 
a wire whose resistance is equal to that of a copper wire 1 meter 
long and 1 millimeter in diameter, it developes a quantity of heat 
sufficient to raise the temperature of 1 gram of water from 0® to 
1^ C. in 5| minutes ; and assuming as the unit of heat the quantity 
required to raise the temperature of 1 gram of water from QP to 
1^ C., the law may be thus expressed — 

A current of the unit of strength passing through a conductor which 
exerts the unit of resistance^ developes therein 1*()57 heat-unit in an 
hour, or 0*0176 heat-unit in a minute. 

With a current of given strength, the sum of the quantities of 
heat evolved in the battery and in the metallic conductor joining 
its poles, is constant, the heat actually developed in the one part 
or the other varying according to the thickness of the metallic 
conductor. This was first shown by De la Rive, and has been con- 
firmed by ravTe.t De la Rive made use of a couple consisting of 
platinhm and distilled zinc or cadmium, excited by pure and very 
strong nitric acid, the two metals beinff united by a platinum wire, 
more or less thick, which was plungea into the same quantity of 
strong nitric acid contained in a capsule, similar to tnat which 
held the voltaic couple. By observing the temperatuTea in the 
two vessels with delicate thermometers, the sum of these tempera- 
tures was found to be constant, the one or the other being greater 
according to the thickness of the connecting wire. 

ravre,J by means of a calorimeter, similar to that which he used 
in bis experiments on the development of heat by chemical action, 
has shown that in a pair of zinc and platinum plates, excited by 
dilute sulphuric acid and connected by platinum wires of various 
length and thickness, for every 32*5 grams of zinc dissolved, a 
quantity of heat is develoTOd in the entire circuit equal to 18,173 
heat-units, but variously distributed between the hattery-cell and 
the wire, according to iffe thickness of the latter. Now this quan- 
tity of heat is nearly the same as that which is evolved in the 
simple solution of 32*5 grams of zinc in dilute sulphuric acid, 
without the formation of a voltaic circuit, viz., 18,444 units. 

* Phil. Mag. [3] xix. 210. + Ann. Ch. Phys. [S] xL 393. 

i Comptes Rendus, xlv. 56. 
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Hence Favre concludes that the heat developed hy the resistance 
of a metallic or other conductor connecting the poles of the battery 
is simply bon*owed from the total quantity of heat evolved by the 
chemical action taking place in the battery, and is rigorously com- 
plementary to that which remains in the cells of the battery, the 
heat evolved in the entire circuit oeing the exact equivalent of the 
chemical action which takes place. If any external work is per- 
formed by the current, such as electrolysis, or mechanical work, 
as by an electro-mametic engine, the heat evolved in the circuit 
is diminished by the heat-equivalent of the decomposition or 
mechanical work done. 


CRYSTALLISATION ; CRYSTALLINE FORM. 

.Almost every substance, simple or compound, capable of exist- 
ing in the solid state, assumes, under favourable circumstances, a 
distinct geometrical form or figure, usually bounded by plane sur- 
faces, and having angles of fixed and constant value. The faculty 
of crvstallisation seems to be denied only to a fe\V bodies, chiefly 
highly complex oiganic principles, which stand, as it were, upon 
the very verge of organisation, and which, when in the solid state, 
are frequently characterised by a kind of beady or globular 
appearance, well known to microscopical observers. 

The most beautiful examples of crystallisation are to be found 
among natural minerals, the results of exceedingly slow changes 
constantly occurring within the earth. It is invariably found that 
artificial crystals of salts, and other soluble substances which have 
been slowly and quietly deposited, surpass in size and regularity 
those of more rapid formation. 

Solution in water or some other liquid is a very frequent method 
of effecting crystallisation. If the substance be more soluble at a 
high than at a low temperature, then a hot and saturated solution 
left to cool slowly will generally be found to furnish crystals: 
this is a very common case with salts and various organic prin- 
ciples. If it be equally soluble, or nearly so, at all temperatures, 
then slow spontaneous evaporation in the air, or over a surface of 
oil of vitriol, often proves very effective. 

Fusion and slow cooling may be employed in many cases : that 
of sulphur is a good example: the metals, when thus treated, 
usually afford traces of crystalline figure, which sometimes become 
very beautiful and distinct, as with bismuth. A third condition 
under which crystals very often form is in passing from the 
gaseous to the solid state, of which iodine affords a good instance. 
When by any of these means time is allowed for the symmetrical 
arrangement of the particles of matter at the moment of solidifica- 
tion, crystals are produced. 



278 


. CRYSTALLINE FORM, 


That cryst^s owe their figure to a certain regularity of iutenml 
structure is shown both by their mode of formation and also by 
the TOculiarities attending their fracture, A crystal placed in a 
slovdy evapoieting saturated solution of the same substance, grows 
or increases by a continued deposition of fresh mattc^r upon its 
sides, in such a manner that the angles formed by the meeting ol 
the latter remain unaltered. 

The tendency of most crystals to split in particular directions, 
called by mineralogists cleavage^ is a certain indication of I’egular 
structure, while the optical properties of many among them, and 
their mode of expansion by heat, point to the same conclusion. 

It may be laid down as a general rule that every substance has 
its own crystalline form, by which it may veiy fre(iuently be 
recognised at once — not that each substance has a different figure, 
although v'ery great diversity in this respect is to be found. So ne 
forms are much more common than otners, as the cube and six- 
sided prism, which are very frer^uently assumed by a number of 
bodies not in any way related. 

The same substance may have, under different sets of circum- 
stances, as high and low temperatures, two different crystalline 
forms, in wliich case it is said to be dimorphous. Sulphur and 
carbon furnish, as already noticed, examples of this curious fact ; 
another case is presented by calcium carbonate in the two modi- 
fications of calc spar and arragonite, both chemically the saim*, 
but physically different. A fourth example might be given in 
mercuric iodide, which also has two distinct forms, and even two 
distinct colours, offering as great a contrast as those of diamond 
and graphite. 

Crystallographic Systems. — When a crystal of simple 
form is attentively considered, it becomes evident that certain 
directions can be pointed out in which straight lines may lx» 
imagined to be di’awn, passing through the central point of the 
crystal from side to side, from end to end, or from one angle to 
that opposed to it, &;c., about which lines the particles of matter 
composing the crystal may be conceived to be s}'nimeti‘ically built 
up. Such lines, or axes^ arc not always purely imaginary, however, 
as may ])e inferred from the remarkable optical properties of many 
crystals : u])on their number, relative lengths, position, and inclina- 
tion to each other, depends the outwanl figure of the crystal itself. 

All crystalline fonns may upon this plan be arranged in six 
classes or systems; these are the following. 

1. The monometricy regular y or cubic system (fig. 126). — The 
crystals of this division have three equal axes, all placed at 
right angles to each other. The most impoilant forms are the 
cube (1), the regular octohedron (2), and the rhombic dodecahe- 
dron (3). 
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The letters a — a, b — 6, c — c (fig. 126), show the termination of 
the three axes, placed as stated. 

Very many substances, both simple and compound, assume these 
forme, as most of the metals, carbon in the state of diamond, com- 
mon salt, potassium iodide, the ahims, fluor-spar, iron bisulphide, 
garnet, spinelle, &c. 


Fiff. 126. 
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2. 71ie (Uiiietrie, quadraiic^ square prismaMcj or pyramidal 
system . — The crystals of this system (fig. 127) are also symmetrical 


Tiff. 127. 
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about three axes at right angles to each other. Of these, however, 
two only are of equal length, the third, c — c, being longer or shorter. 
The most imjiortant forms are, the right square prism (1), and the 
right square-based octahedron (2). 

Examples of these forms are to be found in zircon, native stannic 
oxide, apophyllite, yellow potassium ferrocyauide, &c. 

3. The rhomhohedral system (fig. 128). — This is very important 
and extensive ; it is characterised by four axes, three of which are 
equal, in the same plane, and inclined to each other at angles 
of 60°, while the fourth or principal axis is perpendicular to them 
all. The principal forms are, — ^the regular six-sided prism (1), 
the regular double six-sided pyramid (2), the rhombohedron (4), 
and the scalenohedron (5), a figure bounded by twelve scalene 
triangles. 
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Examples are found in ice, calcspar, sodium nitrate, bcryJ, 
quarto or rock crystal, and the semi-metals, arsenic, antimony, 
an d telluiium, 

A combination of the regular six-sided prism and double six* 
. aided pyramid (3) is a common form of quartz. 


Fig. 12a 
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4. The trimetric^ rhombic^ or right j>rismatic systevi, — This is 
characterised by three axes uf unequal leiij^ths, ]>laced at right 
angles to each other, as in the t'ight rectangular prism j the right 
rhombic prism, the right rectangiilar-based octohedron, and the right 
rhombic-based octohedron. 


Fig. 12». 



The bases of these forms are represented in fig. 129, (1) and (2). 
Let the reader imagine a straight line passing through the centre 
of each of these figures, peri)endicular to the plane oi the paper : 
this will represent the vertical axis. The octohedrons wilt be 
formed by joining the ends of this vertical line with the angles of 
the bases, and the prisms by vertical planes passing through the 
sides of the base, and terminated by horizontal planes passing 
through the extremities of the vertical axis. The perspective forms 
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ol these trimetric prisms and octohedrons are similar to those of 
the dimetric system (fig. 127), 

The system is exemplified in sulphur crystallised at a low tem- 
perature) arsemcal iron pyrites, potassium nitrate and sulphate, 
barium sulphate, &c. 

6. The monocKnic or ohli^ prismatic system. — Crystals belong- 
ing to this group have also three axes, which may be all un- 
equal; two of these (the secondary) are placed at right angles, 
the third being so iucbned as to be oblique to one and perpendi- 
cular to the other. To this system may be referred the four follow- 
ing forms : — The oblique rectangular prismj the ohliipie rhornMcprism^ 
the oblique rectangular-based octohedrony the obltque rhombic-based 
octohedron. 

The bases of these monoclinic forms are identical in form with 
those of the trimetric system, fig. 129, (1) and (2). The principal 
axis may be represented by a line passing through the plane of 
the paper at the middle point, perpendicular to a a, and oblique 
to b ft. The pei'spective forms aie shown in fig. 130, 

Fjfir. 
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Such iovms are taken by sulphur crysUillised by fusion and cool- 
ing, by realgar, sulphate, carbonate and phosphate of sodium, 
borax, green vitriol, and many other salts. 

6. The triclinic j anorthicy or doubly oblique prismatic system . — 
The crystalline forms comprehended in this division are, from their 
great apparent irregularity, exceedingly difficult to study and 
understand. In them are tiuced three axes, which may be all 
unequal in length, and are all oblique to each other, as in the 
douhly-oblique prism^ and in the doubly-oblique octohedron. The 
perspective forms are similar to those of the monoclinic system. 

Copper sulphate, bismuth nitrate, and potassimn quadroxalate 
afford illustrations of these forms. 

Primary and Secondary Forms. — If a costal increase in magni- 
tude by equal additions on every part, it is quite clear that its 
figure must remain unaltered; but it, from some cause, this increase 
should be partial, the newly deposited matter being distributed 
unequally, but still in obedience to certain definite laws, then 
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alterations of form are produced, giving rise to tigures which have 
a direct geometrical connection with that from which thiw are 
derived. If, for example, in the cube, a regular omission of suc- 
cessive rows of particles of matter in a certain order be made at 
each solid angle, while the crystal continues to inci'ejuse elsewhere, 
the result will be the production of small triangular planes, which, 
as the process advances, gradually usuri) the whole of the surface 
of the crystal, and convert the cube into an octohedron. The 
new planes are called seaytidary^ and their production is said to 
take place by regular decrements upon the solid angles. The same 
thing may Imppen on the edges of the cube ; a new figure, the 


Fig. 131. 



Passage of cube to octohedron. 


rhombic dodecahedron, is then generated. The modifications 
which can thus be produced of the original or primary figure (all 
of which are subject to exact geometrical laws) are very numerous. 
Several distinct modifications may be present at the same time, 
and thus render the form exceedingly complex. 

Crystals often cleave parallel to all the planes of the primarj" 
figure, as in calcspar, which oll'ers a goorl illustration of this 

£ erfect cleavage. Sometimes one or two of these planes have a 
ind of preference over the rest in this respect, the crj^stal split- 
ting readily in these directiems only. 

A very cuiious modification of the figure sometimes occurs by 
the exces.sive growth of each alternate plane of the crystal ; the 
rest become at length obliterated, and the crystal assumes the 
character called hemihedral or half-sided. This is well seen in 
the production of the tetrahedron from the regular octohedron 


Fig. 132. 




(fig. 132), and of the rhoinbohedric form by a similar change 
from the double six-sided pyramid (fig. 128, 2). 
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ForniH l)elonginK to ihe ftjinio crystallographic system arc related 
to each oilier hy several natural afliiiities. ' 

1. It is only the shnple forms of the same system that can combine 
into a complex form . — For in all fully developed (holohedral) 
natural crystals, it is found that all the similar parts, if modified 
at all, are modified in an exactly similar manner (in hemihedral 
forms, half the similar edges and angles alternately situated are 
similarly mollified). Now this can he the case only when the 
dominant form and the modifying form are developed according 
to the same law of symmetry. Thus, if a cube and a regular 
octohedron are developed round the same system of axes, each 
summit of the cube is cut ofl' to the same extent by a face of the 
octohedron, or vice versd. But a cube could never combine in 
this manner with a rhombic octohedron, because it would be 
impossible to place the two forms in such a manner that similar 
parts of the onc^ should throughout replace similar parts of the 
other. 

The crystals of each system are thus subject to a peculiar and 
distinct set of modifications, the observation of which very fre- 
(juently constitutes an excellent guide to the discovery of the 
primary form itself. 

2. Crystals belonging to the same system are intimately related in 
their optical jiTojierties , — Crystals belonging to the regular system 
(as the diamond, alum, rock-salt, &c.) refract light in the same 
manner as uncrj'stallised bodies ; that is to say, they have but one 
refractive index, and a ray of light passing through them in any 
direction is refracted singlv. But all other crystals refract doubly, 
that is to say, a ray of light passing through them (except in 
certain directions) is split into two rays, the one called the ordinary 
ray, being refracted as it would be by an amorphous body, the 
other, called the extraordinary ray, being refracted according to 
peculiar and more <*>oinplex laws (see Light). Now, the crystals 
of the di metric and hexagonal systems n^semble each other in 
this re8i)ect, that in all of them there is one direction, called the 
optic axis, or axis of double refraction (coinciding with the princi- 
pal crystallographic axis), along which a ray of light is retracted 
singly, while in all other directions it is refracted doubly; whereas 
in crystals belonging to the other systems, viz., the trimetric and 
the two oblique systems, there are always two directions or axes, 
along which a ray is singly refracted. 

3. Crystals belonging to the same system resemble each other in 
their mode of conducting heat , — Amorphous bodies and crj^stals of 
the regular system conduct heat equally in all directions, so that, 
supposing a centre of heat to exist within such a body, the isother- 
mal surfaces will be spheres. But crystals of the dimetric and 
hexagonal systems conduct equally only in directions perpendicu- 
lar to the principal axis, so that in such crystals the isothermal 
surfaces are ellipsoids of revolution round that axis ; and crj^stals 
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belonging to eitber of the three other Systems conduct unequally 
In all diiectioiis, so that in them tlie isothermal surfaces are ellip-^ 
soSds urith three unequal axes. 

Relations of form and constitution; Isomorphism. 

Certain substances, to which a similar chemical constitution is 
ascribed, possess the remarkable property of exactly replacing each 
other in crystallised compounds, without alteration of the character- 
istic geometrical figure. Such bodies are said to be isomorphous.^ 

For example, magnesia, zinc oxide, cupric oxide, ferrous oxide, 
and nickel oxide, are allied by isomorphic relations of the most 
intimate nature. The salts formed by these substances with the 
same acid and similar proportions of water of crystallisation, are 
identical in their form, and, when of the same colour, cannot be 
distinguished by the eye : the sulphates of magfnesium and zinc 
may be thus confounde<l. These sulphates, too, all combine with 
potassium sulphate and ammonium sulphate, giving rise to double 
salts, whose figure is the same, but quite different from that of the 
simple sulphates. Indeed this connection between identity of 
form and parallelism of constitution runs through all their com- 
binations. 

In the same manner alumina and iron sesqiuoxide replace each 
other continually without change of crystalline figure : the same 
remark may be made of the oxides of potassium, sodium, and 
ammonium, these bodies being strictly isomorphous. The alumina 
in conunon alum may be replaced by iron sesquioxide, the potash 
by ammonia or by soda, and still the figure of the crystal remains 
unchanged. These replacements may be partial only : we may 
have an alum containing both potash and ammonia, or alumina 
and chromium sesquioxide. By artificial management — namely, 
by transferring the crystal successively to different solutions — we 
may have these isomorphous and mutually replacing compounds 
distributed in different layers upon the same crystal. 

For these reasons mixtures of isomorphous salts can never be 
separated by crystallisation, unless their difference of solubility is 
very great. A mixed solution of ferrous sulphate and nickel sul- 
phate, isomo:mhous salts, yields on evaporation crystals containing 
both iron ana nickeL But if before evaporation the ferrous salt 
be converted into ferric salt, by chlorine or other means, then the 
crystals obtained are free from iron, except that of the mother- 
liquor which wets them. The ferric salt is no longer isomorphous 
with the nickel salt, and easily separates from the latter. 

When compoimds are thus found to correspond, it is inferred 
that the elements composing them are also sometimes isomorphous. 
Thus, the metals magnesium, zinc, iron, and copper are presumed 


* From Toros, equal, and fio/o<^?), shape or form. 
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to be isomorphous : arsenic and pbosphorus have not the .same 
crystalline formi nevertheless they are to be isomorphous, 
b^use arsenic and phoi^horic acids give rise to combinations 
which agr^ most comijletely in figure and constitution* The 
chlorides, iodides, bromides, and fluorides agree, whenever they 
can be observed, in the most perfect manner : hence the elements 
themselves are believed to be also isomorphous. Unfortunately, 
for obvious reasons, it is very difficult to observe the crystalline 
figure of most of the elementary bodies, and this difficulty is 
increased by the frequent dimorphism they exhibit. 

Absolute identity of value in the angles of crystals is not always 
exhibited by isomorphous substances. In other words, small 
variations often occur in the magnitude of the angles of crystals of 
compoimds which in all other respects show the closest isomorphic 
relations. This should occasion no surprise, as there are reasons 
why such variations might be expected, the chief perhaps being 
the unequal effects of expansion oy heat, by which the angles of 
the same crystal are changed by ^Iteration of temperature. A 
good example is found in tne case of the carbonates of calcium, 
magnesium, manganese, iron, and zinc, which are found native 
crysUillised in the form of obtuse rhombohedrons (fig. 128, 4), not 
distinguishable from each other by the eye, but exhibiting small 
differences ni their angles when accurately measured. These com- 
pounds are i 8 omoi 7 )hous, and the measurements of the obtuse 
angles of their rhombohedrons are as follows : — 


Calcium carbonate .... 105® 5 ' 

Magnesium „ .... 107® 25' 

Manganous „ .... * 107° 20' 

Ferrous „ .... 107® 

Zinc „ .... 107° 40' 


Anomalies in the composition of various earthy minerals, which 
formerly threw much obscurity upon their chemical nature, have 
been in great measure explained by these discoveries. Specimens 
of the saine mineral from different localities were found to afford 
very discordant results on analysis. But the proof once given of 
the extent to which substitution of isomorphous bodies may go, 
without destruction of what may be called the primitive type of 
the compound, these difficulties vanish. 

Decision of a doubtful point concerning the constitution of a 
compound may now and then be very satisfactorily made by a 
reference to this same law of isomoiphism. Thus, alumina, the 
only known oxide of aluminium, is judged to^ be a sesquioxide, 
from its relation to sesquioxide of iron, which is certainly so ; the 
black oride of copper is inferred to be really the monoxide, although 
it contains twice as much oxygen as the red oxide, because it is 
isomorphous with magnesia and zinc oxide, both undoubted 
monoxides. 



28 $ ORTSmUNB FOBM—ISOHORPHISM. 

The subjoined table will serve to convey some idea of the most 
important families of isomorpbous elements : it is taken, with 
' di^ht modification, from Graham’s “Elements of Chemistry,”* to 
which the pupil is referred for fuller details on this interesting 
subject 

Isomorphom Groups. 


(1.) 

(3.) 

(6.) 

Sulphur 

Barium 

Sodium 

Selenium 

Strontium 

Silver 

Tellurium. 

Lead. 

Thallium 

Gold 


(4.) 

Potassium 

Magnesium 

Platinum 

Ammomum. 

Calcium 

Iridium 


Manganese 

Osmiunj. 

a) 

Iron 


Chlorine 

Cobalt 

(5.) 

Iodine 

Nickel 

Tin 

Bromine 

Zinc 

Titanium 

Fluorine 

Cadmium 

Zirconium 

Gyatwgen. 

CopjKjr 

Tungsten. 

Cmoiuium 

Molybdenum 

Tantalmn 

(8.) 

Aluminium 

Phosphonis 

Glucinum. 

Niobimn. . 

Arsenic 

Antimony 

Bismuth 

* 


Vanadium. 


A comparison of this table with that on page 250 will show 
that, in many instances, isomorpbous elements exhibit equal wjui- 
valence or combining power, and more generally that the isomor- 
phous groups consist either wholly of perissad or whoUy of artiad 
elements. The only apparent exception to this rule is afforded by 
tantalum and niobium, which, although pentads, are isomorphous 
with tin, tungsten, and otlier tetrad and hexad elements. 


* Second edition, vol. i. p. 175. 
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CHEMISTRY OF THE METALS. 


The r dais constitute the second and larger group of elementary 
bodies. A great number of them are of very rare occurrence, 
being found only in a few scarce minerals ; others are more abun- 
dant, and some few almost universally diffused throughout the 
globe. Some of these bodies are of most importance when in the 
metiillic state ; others, when in combination, chiefly as oxides, the 
metals themselves being almost unknown. Many are used in 
medicine and in the arts, and are essentially connected with the 
process of civilisation. 

If arsenic be includ<*d, the metals amount to forty-nine in 
number. 

Physical Properties . — One of the m#st remarkable and striking 
charactei*H possessed by the metals is their peculiar lustre: this is so 
characteristic, that the expressiou metallic re has passed into com- 
mon speech. This pi^operty is noTloubt connected with the great 
degree of opacity which the metals present in every instance. The 
thinnest leaves or ]»lates, and the edges of crystalline lamina), 
arrest the passage of light in the most complete manner. An ex- 
ception to the rule is usually nwle in favour of gold-leaf, which, 
when held up to the day-li^ht, exhibits a greenish, and in some 
cases a purjde colour, as if it were really endued with a certain 
degree of translucency : the metallic film is, however, generally so 
imperfect that it is somewhat diflicult to say w^hether the observed 
effect may not be in some measure due to multitudes of little holes, 
many of which are visible to the naked eye ; but Faraday^s experi- 
ments have established the translucency of gohl beyond all doubt. 

In point of colour, the metals present a certain degree of uni- 
formity: with two exceptions — viz., copper, which is red, and 
gold, which is yellow — all these bodies are included between the 
pure white of silver and the bluish-grey tint of lead : bismuth, it 
IS true, has a pinkish colour, and calcium and strontium, a yellow- 
ish tint, but tnese tints are very feeble. 

The differences of specific gravity are very wide, passing from 
lithium, potassium, and sodium, which are lighter than water, to 
platinum, which is more than twenty-one times heavier than an 
equal bulk of that liquid. 
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Sp 0 e^ Qnmtm o/4f««ato ait 15*6* C. (ttJ® %}■ 


Bbtantaa (in tliin wire), 

Ck)M, • ... 

Uranium, 

Tungsten, 

Mercury, 

Palladium, 

Lead, 

Silver, 

Bismutli, 

a er, 

si. 

Cadmium, 

Molybdenum, 

Cobalt, 

Manganese, . 

Iron, 

Tin, 

Zinc, 

Antimony, . 

Arsenic, 

Aluminium, 

Magnesium, 

Sotlium, ^ 

Potassium, . 

Lithium, 


01*50 

19*50 

1Q*4 

17*60 

13*59 

11*30 to 11*8 
11*46 
10*50 
9*90 
8*96 
8*80 
8-70 
8*63 
8*54 
8*00 
7*79 

•7 "90 

6*86 to 7*1 

6*80 

6-88 

2*56 to 2*67 

1*75 

0*972 

0*865 

0*593 


The property of vuilleabiiityj or oower of extension under the 
hammer^ or between the rollers of t/ie flatting-mill, is possessed by 
certain of the metals to a very great extent. Gold-leaf is a remarlc- 
able example of the tenuity to which a malleable metal may be 
brought by suitable means. The gilding on silver wire used in 
the manufacture of gold lace is even thinner, and yet presents an 
unbroken surface. Silver may be beaten out very tmn — copper 
also, but to an inferior extent ; tin and platinum are easily rolled 
out into foil ; iron, palladium, lead, nicfcel, cadmium, the metals 
of the alkalis, and mercury when solidified, are also malleable. 
Zinc may be placed midway between the malleable and brittle 
division'; then perhaps bismuth ; and, lastly, such metals as 
antimony and arsenic, which are altogether destitute of mallea- 
bility. 

The specific gravity of malleable metals is usually very sensibly 
increased by pressure or blows, and the metals themselves are 
rendered much harder, with a tendency to brittleness. This con- 
dition is destroyed and the former soft state restored by the opera- 
tion of annealing^ which consists in heating the metal to redness 
out of contact with air (if it 'v^l bear that temperature without 
fusion), and cooling it quickl^^br slowly according to the circum- 
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atancps of the case. After this operation, it is found to possess its 
ptmnal specific gravity. 

DmtiMtv is a property distinct from the last, inasmuch'' as it 
involves the principle of tenacity, or power of 
resisting tension. The art of wire-drawing is one 
of great antiquity; it consists in drawing rods 
of mbt^ through a succession of trumpet-^aped 
holes in a steel plate, each being a little smaller 
than its predecessor, until the requisite degree of 
fineness is attained. The metal often becomes 
veiy hard and rigid in this process, and is then 
liable to break : this is remedied by annealing. 

The order of tenacity among the metals susceptible 
of being easily drawn into wire is the following : 
it is determined by observing the weights required 




„ * to break 

asunder wires dnuvn through the same orifice of the plate : — 

Gold. 

Zinc. 


Iron. 

Copper. 

Platinum. Tin. 

Silver. Lead. 

Metals differ as much in fusibility as in density, 
table will give an idea of their relations to heat : — 


The following 


Fusible below 
a red heat. 


Infusible below 
a red-heat. 



F. 

c. 

Mercury, 

-39° 

-39*44^ 

Rubidium, 

101*3 

38*5 

Potassium, 

144*5 

62*5 

Sodium, 

207*7 

97*6 

Lithium, 

356 

180 

Tin, 

Cadmium, 

442 

227*8 

(about) 442 

228 

Bismuth, 

497 

258 

Thallium, 

561 

294 

Lead, 

617 

325 

Tellurium,- 

-rather less fusible than 


■ lead. 

Arsenic, — unknown. 


Zinc, 

773 

412 

Antiinony,- 

-just below redness. 


Silver, 

1873 

1023 

Copper, . 

1996 

1091 

Gold, 

2016 

1102 

Cast-iron, 

2786 

1530 

Pure irou, ') 

Nickel, 

Cobalt, 

Highest heat of foige. 

Manganese, 

L 


Palladium, 

y 



T 
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Agglomerate, but do not 
melt in the forge. 


Infusible in ordinary blast- 
furnaces ; fusible by oxy- 
liydrogen blowpipe. 


Some metals acquire a X)asty or adhesive state before becoming 
fluid : this is the case with iron and platinum, and with the metals 
of the alkalis. It is this j)eculiarity which confers the very 
valuable property of welding, by which pieces of iron and steel 
are unitetl without solder, and the finely divided metallic sponge 
of platinum is converted into a solid and compact bar. 

Volatility is fjossessed by certain members of this class, and per- 
haps by all, could temperatures sufficiently elevated be obtained. 
Mercury boils and distils below a red heat ; potassium, sodium, 
zinc, magnesium, and cadmium rise in vat>our when heated to 
bright redness ; arsenic and tellurium are volatile. 


Infusible below 
a red-heat. 


Molybdemmi, 

Uranium, 

Tungsten, 

Chromium, 

Titanium, 

Cerium, 

Osmium, 

Iridium, 

Rhodium, 

Platinum, 

Tantalum, 


i 


CHEMICAL RELATIONS OF THE METALS. 

Metallic combinations are of two kinds — namely, those formed 
by the union of metals among themselves, which are called alloys, 
or, where merciuy is concerned, amalgams, and those generated 
by combination with the non-metal lie elements, as oxides, chlorides, 
sulphides, &c. In this latter case, the metallic characters are 
almost invariably lost. 

Alloys. — Most metals arc probably, to soiiie extent. Capable of 
exifiting in a state of combination with each other in definite pro- 
portions ; but it is difficult to obtain these compounds in a sepai'ute 
state, since they dissolve in all proportions in the melted metals, 
and do not generally difler so widely in their melting x>^>iRts* 
from the metals they iiiay be mixed with, as to be separated by 
crystallisation in a definite form. Exceptions to this rule are 
met with in the cooling of argentiferous lead, the crystallisation of 
brass, and of gun-metal. 

The chemical force capable of being exerted between different 
metals is for the most part very feeble, and the consequent state 
of combination is therefore very easily disturbed by the influence 
of other forces. The stability of such metallic compounds is, 
however, greater in proportion to the general chemical dissimilarity 
of the metals they contain. But in all cases of combinatiem 
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Ijetween metals, the alteration of physical characters, which is the 
distinctive feature of chemical combination, does not take place to 
any great extent. The most unquestionable compounds of metals 
with metals are still metallic in their general physical characters, 
and there is no such transmutation of the* individuality of their 
constituents as takes place in the combination of a metal with 
oxygen, sulphur, chlorine, &c. The alteration of characters in 
alloys is generally limited to the colour, degree of hardness, tena- 
city, &c., and it is only when the constituent metals are capable 
of assuming opposite chemical relations that these compounds are 
distinguished by great brittleness. 

The formation of actual chemical compounds, in some cases, 
when two metals are melted together, is indicated by several 
phenomena, vix., the evolution of heat, as in the case of platinum 
and tin, copper and zinc, &c. The density of alloys differs from that 
of mere imxtures of the metals. In the solidification of alloys, the 
temperature does not always fall uniformly, but often remains 
stationary at particular degrees, which may be regarded as the solid- 
ifying points of the compounds then crystallising. Tin and lead 
melted together in any propoi tions always fonn a compound which 
solidifies at 187° C. The melting point of an alloy is often very 
dilferent from the point of solidification, and it is generally lower 
than the mean melting point of the constituent metals. 

But though metals may combine when melted together, it is 
doubtful whether they remain combined after the solidification of 
the mass, and the wide differences between the melting and solidi- 
lying points of certain alloys appear to indicate that the existence 
of these compounds is limited to a certain range of temperature. 
Matthiessen* regards it as probable tha^ the^ condition of an alloy 
of two metals in the liquid state maybe either that of — 1. A solu- 
tion of one metal in another ; 2. Chemical combination ; 3. Mechan- 
ical mixture; or, 4. A solution or mixture of two or all of the 
above ; mid that similar differences may obtain as to its condition 

in the solid state. 

The chtituical action of reagents upon alloys is sometimes very 
different from their action upon metals in the separate state : thus, 
platinum alloyed with silver is readily dissolved by nitric acid, 
but is not affected by that acid when umilloyed. On the contrary, 
silver, which in the separate state is rea<lily dissolved by nitric 
acid, is not dissolved by it when alloyed with gold in proportions 
much less than one-fourth of the alloy by weight. 

COMPOUNDS OF METALS WITH METALLOIDS, — CLASSIFICATION 

OP METALS. 

A classification of the metals according to their equivalence or 
atomicity is given in the table on p. 250, each of the classes thus 

* * British Association Reports, 1863, p. 97. 
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formed being divided into groups, the individual members of wiiich 
possess certain physical or chemical characters in common. 

Class L — Monud Metals . — 1. Among these metals, potassium, 
sodium, cajsium, rubidium, and lithium, am called 
meiah. They are soft, easily fusible, volatile at higher temi)ei*a* 
tures; combine very enei'getieally with oxygen ; decompose water 
at all temperatures ; and form strongly Uisic oxides, which arv 
very soluble in water, yielding powerfully caustic ami alkaline 
hydrates, from whicli tlie water cannot be expc*lled by heat. Thtdr 
carbonates aiv soluble in water, and each metal forms only one 
chloride. The hypothetical metal am m on iuWy (p. loS), is 

usually ad<Ied to ttje list of alkali-meUbs, on account of the general 
similarity of its coiapiuinds to those of potassium and sodium, 

2. Silver diifers greatly from the alKali-inetals iii its j>liy ical 
and most of its chemical ]>ri»jH^rties, but it is relateil to thinn by 
the isomorphism of some of its compouruLs with the eorivspon<Iiiig 
conifwuruls of those meiah; thus it forms an alum, similar in 
form ami composition to ordinary potash alum. 

Class II. — Dyad Metals. — 1. The three metals, barium, 
strontium, ami calcium, form oxides called alkftline earths^ less 
soluble in water than the true alkalis, l)ut exhibiting similar 
taste, causticity, and action on vegetable coloui*s. The metals of 
this gi’oup form but one chloride, e.g.^ BaCI.^; their carbonates are 
insoluble in water, and barium sulphate is also insoluble, stron- 
tium and calcium sulphates slightly soluble. 

2. The metals of the next group, viz., glueinum, yttrium, 
erbium, lanthanum, and didy uiiiim, form oxides called earths^ 
whicli are insoluble in water, and cannot be reduced to the metallic 
state by hydrogen or carbon; their carbonates are insoluble in 
water, th(‘ir sulphates soluble. These metals also form l)ut one 
chloride, viz., a dicliluride. They are all very ran^. 

3. Magnesium, zinc, and cadmium resemble one anotlier 
in being v olatile at high temperatures, and burning when lieated 
in the air; they decompos<3 water at high tempcratur<‘s, eliminate 
hydrogen, from dilute acids, and form only one oxide, ami one 
chloride, e.j/., ZuO and ZnClg, Magnesium was formerly classed 
as an earth-metal, hilt it bears a mUCh closer analogy to zinc. 

4. Morciiry smil coj>pi‘r eaoH form two chlorides ami tWO 
oxides : mercury, for example, forms the two chlorides, HgClj, and 

two oxides, HgO and Hg-O. Mercurous cliloride 

Hg— Cl 

(calomel) is Tcprcsented hy the formula I and the COITf*- 

Hg rfg-CI 

spoiiding oxide copper compounds are similarly 

constituted. These metals do not decomjKiso water at any tempera- 
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tnre ; they are oxidiBcd hy nitric and by strong sulplimic acid. 
The oxides of mercury are reduced to the metallic state by heat 
alone ; those of c<3pper, by ignition with hydrogen or char- 
coal. 

Class III. — Triad Metals. — The only metals belonging to this 
class arc thallium, indium, and gold. Indium foniis only a 
trichloride, thallium and gold form inonochlorides and trichlorirles. 
also corn*spon<lijig oxides, ejj.^ gohl chlorides, AuCl and AuClg ; 
oxides, All/ ) an<l AugO^. The mono-compounds of thallium are 
much more stjible than the tri-com]w>unds, and in resjK-ct of these 
compounds tliallium exhibits very close analogies with the alkali- 
. metals. fovTuing, for examjde, an alum isomorjdious with common 
potash alum, and phosphates analogdus in composition to the 
]>ht)sphates (»f HOilium. 

(h.ASs TV. — TeArad Metals, — 1, Platinum, palladium, 
iridium, rlitKlium, ruthenium, aial <»smium form a natural 
group of im*tals, occurring together in the meUillic state, and 
res(*mbliiig each otlnu* in many <»f their ]»roperties. Platinum and 
jKilliulium form dicldorides and tetrachloriiles, with coiTes]>on<ling 
oxides, as, c. //., PtC%, PtOy PtO.j. Iridium fonns a di- 

chloilde, a tetnicliloride, and an intermediate chloride, Ir/%, 
which riinv In* ii’jjaixled its a coiujM»iin<i of the otlier two, or as coii- 

I1CI3 

stituted according to the formula ( . Ruthenium and osmium 

lonn chlorides similar in constitution to those of iridium ; rhodium 
only a dichloride, Hh( %r and a trichloride, llli^Clg. All tliese 
metals form oxides analogous in composition to their chlorides, e.gf., 
IrO, Ir20.j, Ir().„ aial likewise liigher oxides, iridium find rhodium 
forming trioxides, IrO^ and Rh()3, and osmium and ruthenium 
fonning tetroxides, ()s(% and RUO4: whence it might be inferred 
that iridium and rh(Klium are liexads, osmium and ruthenium 
octads ; hut there art* no cldorides corresponding to these oxides, 

and, as already observed (j). 257), the atomicity of an element 
cannot be inferred from the composition of its oxides. The metals 
of the platinum group are not acted upon hy nitric acid, Imt only 

Ly <5h1ori]io or nitroiiiui'iatic uri<l. Witli exrr]>liuii ol* ot^JllJUlu, 
they do not oxidise in the air at any temperature, and their oxides 

are all reducible by heat alone. Theae metals, together with gold, 

silver, ami mercury, whicli likewise exhibit the last-mentioned 
character, are sometimes called aoh/i? ruetals. 

2. Tin and titanium are closely related to silioium, each 
forming a volatile tetrachloride ; namely, stannic chloride, SiiCl., 
and titanic chlori<le, TiCl4, together with the corresponding oxides. 
Tin likewise* forms the stannous coin]>ouiuls in whicn it is bivalent, 
e,ff.y SnCn,,, SnO; and titanium forms the litaiious compounds, in 
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which it is apparently trivaleut, hut really qiuulrivalent, like* 
aluiuiniiuiL 

SL Lead stands by itself. Its quadrivalence is inferred from the 
composition of ; but in most of its 

compounds it is bivalent, forming only one chloride, PbCU with 
corresponding iodide, bromide, and fluoride. It fonus also the 
corresj^nding oxide, PbO, together with a lower oxide, Pb^> and 
three nigher oxides, Pb 30 ^, Ph 405 , and PbO.^. Lead is aflieil to 
barium and strontium by the isomorphism of its sulphate with the 
sulphates of barium and sti*ontium, and to silver, thallium, aiul 
mercury by the soaring solubility of its chloride, which is preeiju- 
tated by hydrochloric acid from Wilutions of lead sidts, 

4. Zirconium forms a tetrachloride, Zi'Cl 4 , and a dioxide, ZrO^. 
Thorinuiu forms similar compounds. Aluiuiniuin is iiilerred 
to be tetnidic from its analogy to iron in the ferric coiiijmuiiuIs hut 
it forms onlv one class of salts, in which it is ajniiireTitlv trivalent, 

AICI 3 6 -AI 

the chloride being Al.>( '1^. = | , and the oxidt* ! > <>. 

‘ AlCL, 0 = A1 

Aluminium and zirconium belong to the (‘lass of earth-metals, and 
will be described in connection with them. 

5, The Iro?i yrnup comprises iron, manganese, cobalt, 
nickel, and cerium. Tlie atomicity of these metals ha" 
already l^en discussed (p. 250). Manganese forms a chloridt* (»t 
somewhat doubtful comjjosition, in which it is a]»]>arently sepli- 
valent; but the mst dn not fonii any conjj>ounds with immad 
e/erijents in which they exhUnt an e<|iii valent value gn*ater than 4. 
AIl these metals decompose* water at high temj>eratures. Nickel 
and cobalt are magnetic, like iron; and their salts are isomor- 
phous with the cori'esponding iron compounds. 


Class V, — Pentad MetaU. — 1 . Arsenic forms a trichloride, a 
trioxide, and correqxmding salts; also a pentoxide, and corivsjHmd- 
ing .salts called arsenates, analogous to the pliosjdiates. Anti- 
mony forms a trichloride and j)entacblorid(^ analogous to tlio-e of 
phosphorus, also the conesponding oxides. Bismuth Ibniis a 

Bi(T, 

volatile trichloride, and a dichloride, Bi./d 4 , or | . Vana- 


Bid, 

dium was formerly supposed to belong to the tungsten group, but 
it ha.s lately been shown to be a pentad. It forms a trichloride, 
VCI 3 ; also an oxychlorde, VOCL, analogous to phosphorus oxy- 
chloride; and the oxides, VgOs and ¥.^ 0 ^, analogous to those of i)hos- 

S horus and arsenic, the latter yielding a series of s{dt.s, the vana- 
ates, isomorphoiis with the phoBjihates and arsenates of corre- 
sponding composition. 

2 . Tantalum and niobium, formerly regarded as tetrads, 
have lately been shown by Marignac to form pciitachlorides and 
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peiitoxides. The oxides of the j>eijtad metals aiv., for the most 
l>art, of acid chamcter. 

Class VI. — Hrnid MeteUs,—!. Chromium forms a hexfluoride, 
CrFo, and a corresponding oxide, CrO^. It likewise forms two 
series of compounds, in which it exhibits lower degrees of equiva- 
lence, viz., the chromic com{>ounds analogous to the ferric com- 
pounds, in which it is apparently trivalent, but really quadriva- 

Cri"Cl3 

lent; e.g,j 

c^)mnouiidrt, analogous to the ferrous compounds, in which it is 
bivalent, c.y., ('r"Clo, CV'O. U ranium forms a trioxide, UO3, and 
an oxychloiide, UOgClg, analogous to CrO«Cl2. 

2. Tungsten forms a liexehlori<le, WC and the corresponding 
oxide, WOg. Molybdenum is not known to form a chloride 
higher than Mod^, but its trioxide, M0O3, is known ; and from 
the general similarity of the tiuigsten and molybdenum coni- 
p<miuis, the latter metal is inferred to be hexadic. 

The metals of the alkalis and alkaline earths, on account of their 
inferior specific giavity, are often calhsl light metals ; the others, 
heavy metals. 

Metallic Chlorides. — All metals combine with chlorine, 
and most of them in several prc)]»ortioiis, as above indicated, form- 
ing compounds which may l>e regaixleil as derive<l from one or 
more molecules of hydrochloric acid, by substitution of a metal 
for an equivalent quantity of hydrogen ; thus : — 

From II ("1 are derived monochlorides like KCl 
„ „ dichlorides „ }iii"CL 

„ Il3('l3 „ trichhmdes 

„ H4CI4 „ Udmchlorides ,, Sii*'*Cl4, &c. &c. 

Hydrochloric acid may, in fact, be regaixled as the tyjie of chlor- 

ides in general. 

Several chlorides occur as natural products, ScKlium chloride, 
or common salt, occurs in enonnous quantities, both in the solitl 
sfeite as rock-salt, aial dissolvetl in sea water, and in the water of 
rivers and sjirings. PotiisHiuin chloride occurs in the same forms, 
but in smaller quantity; the chlorides of lithium, cmsium, rubi- 
dium, and thallium also occur in small quantities in certain spring 
wattirs. Mercurous chloride, Hg^Clgj and silver chloride, Ag(U, 
occur as natural minerals. 

1. ChJorides are generally preparetl by one or other of the fol- 
lowing processes: — (l.) By acting upon the metal with chlorine 
gas. Antimony pentachloride and copper dichloride are exami>los 


chromic chloride, CrvCL or I , and the chromous 

CF" Cl 
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of chlorides sometimes prodacetl in this manner. The chlorides 
of gold and platinum are usually prepared by acting upon the 
metola wth nascent chlorine, developed by hydrcxjhloric and nitric 
adds. Sometimes, on the other hand, the metal is in a nascent 
state, as when titanic chloride is formed by pairing a current of 
chlorine over a heated mixture of charcoal ana titanic oxide. The 
chlorides of aluminium and chromium may be obtained by similar 
processes. 

2. Chlorine gas, by its action u|Hin metallic oxi<les, drives out 
the oxygen, and unites witli the r(‘sjK'ctive metals to foirn chlorides. 
This reaction sometimes takes place at onlinary tem|>enitures, as 
is the case with silver oxide; sometimes only at a red heat, as is 
the case with the oxides of the alkalis and alkaline earth-metals. 
The hydrates and carbonates of these last* metals, when dissolved 
or suspendeil in hot water an<l treate<I with exces.^ of chlorine, are 
conveited, chiefly into chlorides, }>artly into chlomtes. 

3. Many metallic chlorhles are pivpait^^l by acting u]x>ii the 
metals with hydrochloric acitl. Zinc, catlmium, iron, nickel, colmlt, 
and tin dissolve leadily in liytlnK-hhiric acid, witli liberation of 
hydrogen ; copper only in the strong l>oiIing acid ; silv<'r, mercury, 
palladium, platinum, and grdd, not at all. J^ormfiunrA the metal 
is substitute<l, not for hy<lrogen, hut for some other metal. Stan- 
nous chloride, for instance, is frequently made by distilling metallic 
tin with mercuric chloritle ; thus : HgClg -f* Sn = SnCljj Hg. 

4. By flissolvinga mebdlic o.xide, hydnite, or carbonate in hydro- 
chloric acuL 

All iiioiiochlorides and dichii|H*ides are soluble in water, except- 
ing silver chloride, AgCT, and mercurous cbbnide, Hg./^l., ; lead 
chloride, PbClg, sparingly soluble; tln*se lhn*e chlorules are 
easily formed by precipitation. Many ineUllic chlorides di.s.solve 
also in alcohol and in ether. 

Most monochlorides, dichloride.s, and tiiclilorides vohitilisi* at 
high tem})eratureH without decompo.sition ; the higher chlori<les 
when heated give off pail of their chlorine. Some clilorides w'hieh 
resist the action of heat alone are decomposed by ignition in the 
air, yielding metallic oxides and free chlorine : this is the case w ith 
the dichlorides of iron and manganese ; but most dicblorides remain 
undecomposed, even in this case. All metallic chloritles, excepting 
those of the alkali-metals and earth-metal.s, are decomposed at a 
red heat by hydrogen gas, with formation of hydrochloric acid: in 
this way, metallic iron may be obtained in Ane cubical crystals. 
Silver chloride placed in contact with metallic zinc or iron, under 
dilute sulphuric or hydrochloric acid, is reduced to the metallic 
state by tne nascent hydrogen. 

Sulphuric, phosphoric, boric, and arsenic acids decompose most 
metallic chlorides, sometimes at ordinary, sometimes at higher 
temperatures. All metallic chlorides, heated with lead dioxide or 
manganese dioxide and sulphuric acid, give off chlorine, e.ff, : 
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2Naa + MnOj + 2 HjS 04 » NaaSO* + MnSO* + 2HaO + Cl,. 

Sodinm Manfiriinese Sulphuric Sodium Manganoos 
chloti|le. dioxide. acid. sulphate* sulphate. 

Chlorides distilled with sulphuric acid and poiasBium chromate, 
yield a dark bluish-red distillate of chromic oxychloride. Some 
metallic chlorides are decomposed by water ^ fonniiig hydrochloric 
acid and an oxj^chloride, e.g , : Bi(>l3 + HgO = 2 HCf BiClO. 
The chlorides ot antimony and stannous chloride are decoinposf*d 
in a similar manner. 

All soluble clilorides give with solution of silver nitrate^ a white 
precipitate of silver chloride, easily soluble in ammonia, insoluble 
in nilri(j acid. With rnercvrotis nitrate^ they yield a wliite cunly 
precij)iUite of mercurous chloride, blackened by ammonia; and 
with Imd-snlts iiut too dilute, a white crystalline precipitate of 
lead chloride, soluble in excess of ^vater. 

Metallic chlorides unite with ejudi other and with the chlorides 
of the non>iiietallic elements, foniiingsuch compounds as potassium 
<;liloromercurate,2K( 1 .lfgCT„so<lium chloroplatinate, 2Na(l. Pt('l4, 
poUissium cbloriodate, KCI.fCl^, &c. Metallic chlorides combine 
in d(*hnite ju’oportioris with ammonia and oiganic bases: the chlo- 
ride's of platinum fonn with ammonia the compounds 2XH3.IHd2, 
4X113. 2XH3.Ptn4, and 4XIL.PtCl4; mercuric chloride 

fonus with aniline the c<inij>ound 2(’^5H7X.Hg<?l2, &c. 

(>hl<)rieles also unite witli oxhles and sulpliides, forming oxychlo- 
riiUs and oj'ifsnlphi<h.% which may \xi reganled as chlorides having 
part i»f their chlorine re|)laeed by an <*< jui valent cjuaiitity of oxygen 
or Huljdiur (Clg by () or S). Bisiiiulh, for cxainjde, fonus an oxy- 
chloride having the coinj>ositiun Bi'"('l() or Bi(M3.Bi203. 

Bromides. — Bromine unites directly with most metals, 
forming comjM)un<ls analogous in ('oiuj^osition to the chlorides, and 
resembling ttiern in most of their }»roperties. The bromides of 
the alkali-metals occur in sea-water ami in many saline springs; 
silver hromide occurs as a iiatiiml mineral. Xearly all liromides 
are soluble in water, and may be formetl by treating an oxide, 
hydrate, or carbonate, with hydrobromic aciil, the solutions when 
evaporated giving olF water for the most j^art, and leaving a solid 
metallic bromide ; some of them, however, namely, the bromides 
of magnesium, aluminium, and the other earth-metals, are more or 
less decomposedjiiy exaporation, giving oft’ hydrobromic acid, and 
leaving a mixtui’e of metallic bromide and oxide. Silver bromide 
and mercurous bromide are insoluble in water, and lead bromide 
is very sparingly soluble ; tliese are obtained by precipitation. 

Metallic bromides am solid at oixli nary temperatures ; most of 
them fuse at a moderate heat, and volatilise at higher tempemtures. 
The bromides of gold and platinum are decomposed by mere 
exposure to heat ; many others give up their bromine when heated 
in contact with the air. Chlorine^ with the aid of heat, drives out 
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the bromine and converts them into chlorides, HmlmJiloric acid 
also decomposes them at a red heat, giving olf hyclrobromie acid. 
Strong sful^urie or nitrie aeid decomposes them, with evolution 
of hydrobramic acid, which, if the sulphuric or nitric acid is con- 
centrated and in excess, is partly decomposed, with separation of 
bromine and fonnation of sulphurous oxide or nitrt^n dioxide. 
Bromides heated with sulphuric acid and manganese diwids or 
potassium chromate^ give off five bromine. 

Bromides in solution are easily deeomwsed by i lilorine, eitlier 
in the form of gas or dissolved in water, tne liquid accjuiriiig a reil 
or reddish-yellow colour, aceonling to tlie quantity of 1>n)mine 
present ; and on agitating the litpiid with ether, that licjuid dissolves 
the bromine, forming a red solution, which rises to the surfaot*. 

Soluble bromides give with silver nitrate a white precipitate of 
silver bromide, greatly n*sembling the chloride, but much less 
soluble in ammonia, insoluble in hot nitric acid. Merrnrous 
nitrate produces a yellowish- white jirecipitate ; and lead act tat* , a 
white precipitate much less soluble in water than the chh^ride. 
Palladium nitrate produces in M)lutii)n.s of bromides not containing 
chlorinej a black precipifnte ofhvomide. Palhulhim diloridt* pro- 
duces no precipitate ; neither does the nitrate, if .''oluhh* chl<*rides 
ai*e present. 

Bromides unite with each other in the ^ame manner as chloride^ : 
also with oxides, sulphides, anrl ammonia. 

Xodides. — T'hese eoirijjouiuls are obtained bv prcK-e.^ses similai 
to tboife which yield the chlorides ami bromides. Many metal-^ 
unite directly with iiKliiie. l^>tassium ami sodium iodides exist in 
sea-water and in many salt-springs ; silver i<wlide occurs as a 
natural mineral. 

Metallic iodides are analogous to the hnnnides and chlorides in 
composition and properties. But few of them are de(‘omposed by 
heat alone; the i<xlides of gold, silver, platinum, and pallaiUuin, 
however, give up their iodine when heated. 

Most metallic iodides are x>erfectly soluble in water ; but lead 
iodide is very slightly soluble, and the iodides of mercury and 
silver are quite insoluble. 

Solutions of iodides eva|i>orated out of contact of air, generally 
leave anhydrous metallic iodides, which partly sepaiate in the 
crystalline form before the water is wholly driver^ff. The iodides 
of the e^rth-metals, however, are resolved, on evaporation, into 
the earthy oxides and liydriixlic acid, which escapes. -A very 
small quantity of chlorine colours the solution yellow or brown, 
by pariial decomposition ; and a somewhat larger quantity takes 
up the whole of the metal, forming a chloride, and separates the 
iodine, which then gives a blue colour with starch ; a still larger 
quantity of chlorine gives the liquid a paler colour, and converts 
tile separated iodine into trichloride of iodine, which does not give 
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a blue colour with starch, and frequently eiiters into combination 
with the metallic cliloride produced. Strong mhphwic acid and 
somewhat concentrateii nitnc acid colour the solution yellow or 
brown ; and if the quantity of the iodide is large, and the solution 
much concentrated or heated, they liberate i^ine, which partll^' 
e8cai)es in violet vapours. Starch mixed wdth the solution, even if 
it be very dilute, is turned blue — permanently, when the decom- 
position is effected by sulphuric acid ; for a time only, when it is 
effected by nitric acid, especially if that acid be added in laige 
quantity. 

The aqueous solution of an iodide gives a browm precipitate with 
salts of biamuth; orange-yellow with lead-salts; dirty-wliite with 
cuprous salts, and also with cuj>ric salts, especially on the addition 
of sulphurous acid; greenish-yellow with inercurom salts; scarlet 
with mere uric salts; yellowish- white with silver salts; lemon- 
yellow with (jold sails; lm»wn with jJatiiiic salts — first, however, 
turning the liquid dark brown-reil ; and black with salts of jmlln- 
even Avhen extremely dilute. All these ]>recipitates consist 
f»f metallic io<lides, many of them soluble in excess of the soluble 
iodide: the silver j»recipitate is insoluble in nitric acid and very 
little soluble in anirnoma. 

Metallic ioflides unite witli one another, fonning double UHlides, 
analog«>us to the dmible chloritles; they also absorb ammonia gas 
in definite ]>ro[H>rtit>ns. Some of them, as those of antimony and 
tellurium, \inite witli the oxides of the coiTesj)onding metals, 
forming oxyitKlides. 

Fluorides. — These conqamnds are formed — 1 . By heating 
liyilroiluoric acid with certain metals. 2. By the action of that 
acid on metallic oxides. 3. By heating electro-negtitive metals — 
antimony, for example — with lluoride of lead or fluoride of mer- 
cury. 4. Volatile metallic fluorides may be prepared by heating 
fluor-spar witfi sulphuric acid an<l the oxide of the metal. 

Fluorides have no metallic lustre; most of them are easily 
fusible, and for the most part resemble the chlorides. They are 
not decompos(‘d by ignition, either alone or when mixed with 
charcoal. When ignited in contact witli the air, in a flame which 
(’ontains aciueous vapour, many of tliem are converted into oxides, 
while the fmorine is given off as hydrofluoric acid. All fluorides 
are decf)mposed by chlorine^ and converted into chlorides. They 
are not decomposed by j)lws 2 )horic oxidcj unless silica is present. 
They are decomposed at a gentle heat by stn»ng mlphurie acid^ 
with formation of a metallic sulphate and evolution of hydi’ofluoric 
acid. 

The fliiorides of tin and silver are easily soluble in water; those 
of potassium, sodium, and iron are sparingly soluble; those of 
strontium and cadmium very slightly soluble, and the rest in- 
soluble. The solutions of ammoiiiuin, potassium, and sodium 
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fluoride have on alkaline reaction. The atjiieous Bolutiona of 
fluorides corrode glass vessels in which they an* kept or eva|K)- 
rated. They form with soluble aikium-mltii a precipitate ot cal- 
<dum fluoride, in the form of a transparent jelly, which is scarcely 
^sible, because its refractive power js nearly the same as that t>t 
the liquid ; the addition of ammonia makes it plainer. This pre- 
cipitate, if it does not contain silica, dissolves with difficulty in 
hydrochloric or nitric acid, and is re-precijiitated by ammonia. 
The aqueous fluorides give a pulverulent precipitate with lead 
acetate. 

The fluorides of antimony, arsenic, chromium, mercury, niobiuiii, 
osmium, tantalum, tin, titiiniiiiu, tungsten, and zinc, are volatile 
without decomposition. 

Fluorine has a givat terulencw to form double salts, consisting of 
a fiiioride ot a basic or positive metal uniteil with the fluoride of 
hydrogen, boron, silicon, tin, titanium, zireoniuin, &c., c.//. — 

Potassium liydrofluoride, , . KHF., 

Potassium lK)rofluoride, . . KBF^” 

Potassium silicofluorkle, . . KgSiF^ 

Potassium titanofiuoride, . . KgTiF^j 

Potassium stannolluoride, . . KgSiiF^ 

Potassium zircofluoride, . . KgZrF^ 

The four classes of compounds just describctl, tlie idilorides, 
bromides, iodides, and tluori<les, form a gi'uuT> often designated as 
haloid compounds or haloid* salts, from their analogy to 
sodium chloride or sea salt, which may be reganled as a tyjn* of 
them all. The elements, chlorine, bromine, iodine, and fluorine, 
are called halogens. 

Cyanides. — Closely related to these haloid compounds are the 
cyanides, formed by the union of metals with the group CN, cyam>- 
gen, whicli is a monatomic radical derived from the satumtexl 
molecule, (hydrocyanic acid), by abstraction of H; in 

short, the cyanides may be regarded as chlorides having the element 
Cl replaced by the compound radical CN. 

Some metals — potassium among the number — are converted 
into cyanides by heating them in cyanogen gas or vapour of hydro- 
cyanic acid. The cyanides of the alkali-metals are also formed 
(together with cyanates) by passing cyanogen gas over the healed 
nydrates or carbonates of the same metals ; potassiimi cyanide 
also, by passing nitrogen gas over a mixture of idiarcoal and 
hydrate or c^i^bonate of potassium at a bright red heat. C^yanides 
are formed abundantly when nitrogenous organic compound.^ 
are heated with fixed alkali. Other modes of formation will be 
mentioned hereafter. 


- KF.HF 
= KF.BF3 

- 2KF.SiFj 
= 2KF.TiF^ 
= 2KF.SnF. 
= 2KF.ZrF4. 


From the sea. 
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The cyanides of the alkali -metals and of barium, strontium, cal- 
cium, magnesium, and mercury, are so ble in water, and may lie 

E reduced by treating the corre8|>ondiiig oxides or hydrates with 
ydrocyanic acid. Nearly all other metallic cyanides are insoluble, 
and are obtained by nrecipitation from the soluble ejanides. 

The cyanides ot tne alkali-metals sustain a red heat without 
decomposition, provided air and moisture be excluded. The 
cyanides of many of the lieavy njctals, as lead, iron, cobalt, nickel, 
and cojjper, under these circumsUinces, give off all their nitrogen 
{IS gas, and leave a metallic carbonate ; mercuric cyanide is resolved 
into mercury and cyanogen gas; silver cyanide gives olF half its 
cyanogen as gas. Most cyanides, when he{ited with dilute acids, 
gives nt> Oicir cyanog<*n as hydrocyanic acid. 

(Cyanides have a strong tendency to unite with one another, 
forming double cyanides. The most important of these are 
the double cyanitles of iron and pobissium, namely, potassio-ferrnm 
et/fijudcj Fe''k 4 (('N)Q, commonly called yellow prussiat4* of jx)Uish; 
and potaasio-ferric i'ljanide^ Fe'"K3((.^>r)g, commonly called red 
jirussiate of pobish. lloth tln\se are splendidly crystalline salts, 
which dissolve easily in wjiter, and form highly characteristic pre- 
ci])itates with many metallic salts. These salts, with the other 
cyanides, will he more fully described under Organic Chemistrj^ 
but they are mentioned here, on account of their frequent use in 
the qualitative analysis of metallic solutions. 

Oxides. — All metals comhine with oxygen, and most of them 
in several proj»oi*tions. In almost all cases oxides are formed 
correspoialing m conij)osiiion to the chlorides, one atom of oxygen 
taking the place of two atojus of chlorine. Many metals also form 
oxides to wliich no clilorine {inalogiies are known ; thus lead, 
which forms only one chloride, PhClg, forms, in addition to the 
monoxide, PhO, a dioxide, PbOj,, besides oxides of intermediate 
composition ; osmium also, the liighest chloride of which is OsCl^, 
forms, in aildition to the dioxide, a trioxide and a tetroxide. This 
jirisevS from the fact that any number of atoms of oxygen or other 
dyad element may enter into a compound without disturbing the 
balance of equivalency (j>. 249). 

Just as chlorides are (Yerived by substitution from hydrochloric 
acid, HCl (p. 298), so likewise may oxides be derived from one or 
more molecules of water, H«0 ; but as the molecule of water con- 
tains two hydrogen-atoms, the replacement of the hydrogen may, 
as already explained (p. 233), be either total or partial, tlie pro- 
duct in the first case being an anhydrous metallic oxide, and iir the 
second a hydrated oxide or hydrate, in which the oxygen is asso- 
ciated both with hydrogen and \rith metal ; in this manner the 
following hydrates and anhydrous oxides may be constituted : 
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Type. 

HjO . 

HA 

H 0 O 3 

HA 

H,o05 


Hydrates. 

KHO 
IW'HA 
ah’ho; . 

Sn”H ,03 


Oxides. 

K.O 

ik‘"0 

Su‘'Oj 

SI)"' (>3 

w4' 

SI, -A- 


It may be observed fliat the hydrates of artiiul metals eontain 
the elements of a intdecule of the corresponding anhydrous o.xitle, 
and o^ one or more molecules of water; tluis — 


Barium hytlratt', . . = IW^O.H.jO 

.Stannic hvdmti*, . = Sn'^A^-Ilof) 

Zirconium hyilrate, . . Zr*"H 404 = Zi^HX.21LM 

But the hydrate of a j>i‘riss;id metal contains in its molecule only 
half the nunilxjr of at<mis required to make up a molecule of oxide 
together with a molecule of water; thus — 


Potassium hvdrate, . KHO = (K./XIIJ)) 

Bismuth hydiate, . Bi'^'HOg = i (Bi'"20.,:H./l) 

Ai'senic hydrate, . As’H 03 == | (As\j(X*.Hj()). 

These j)erissad hydrates cannot, therefore, be correctly regarded as 
compoxmds of anhydrous oxide and water. 

Many metallic oxides occur as natural minerals, and some, espe- 
cially those of iron, tin, and cop]>er, in large quantities, foniiing 
ores from which the metals are extracted. 

All metals, except gold, platinum, iridium, rhodium, and 
ruthenium, are capable of uniting directly with oxygen. Some, 
as potassimn, sodium, and barium, oxidise raj)idly on exposure to 
the air at ordinary temperatures^ and decompose water with energy. 
Most metals, however, when in the massive state, remain pcifectiy 
bright and unacted on in dry air or oxygen gas, but oxidise slowly 
when moisture is present; such is the case with iron, zinc, and 
lead. Some of the ordinarily permanent metals, wdien in a very 
finely divided state, as lead when obtained by ignition of its tar- 
trate, and iron reduced from its oxide by ignition in hydrogen gas, 
take fire and oxidise sp<jntaneously as s(X)n as they come in ccuitact 
with the air. Lead, iron, copper, and the volatile metals, arsenic, 
antimony, zinc, cadmium, an<I mercury, are converted into oxides 
when heated in air or oxygen. Many metals, es[>ecially at a red 
heat, are readily oxidised by water or steam. A very general 
method of preparing metallic oxides is to subject the correspond- 
ing hydrates, carbonates, nitrates, suli)hates, or any oxygen-salts 
containing volatile acids, to the action of heat. 

Oxides are for the most part opaque eartliy bodies, destitute of 
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metallic lustre. The majority of them are fusible ; those of lead 
and bismuth at a low red heat ; those of copper and iron at a white 
heat; those of barium and alimiinium before the oxy-hydrogen 
blow-pipe ; while calcium oxide (lime) does not fuse at any teiri- 
j[)erature to which it has yet l>eeii subjectwl. Oxides are, for the 
most part, much less fusible tlian the uncombined metals. Osmium 
ietroxide, and the tetroxides of arsenic and antimony, arc readily 
volatile. 

A greater or lesser dem’ee of heat effects the decomposition of 
many metallic oxides. Those of gold, platinum, silver, and mer- 
cury are lediiced to the metallic or reguline sUite by an incipient 
rcnriieat. At a somewhat higher tempemture, the higher oxides 
of banu.ii, cobalt, nickel, and lead are reduced to the state, of 
monoxides; while the trimotallic tetroxides of manganese and iron, 
Mn304 and Fe3()4, aiv j)nKlu( e<l by exposing manganese dioxide, 
Mnb2, and iron ses<|uioxide, resj>ectively to a still stnmger 

lieat. By gentle ignition, arsenic ]>entoxide is reduced to the state 
of trioxide, and clinmiium tri<»xide to sesijuioxide. 

The superior oxi<les of the metals are easily nnluced to a lower 
sbite of oxidation by treatment with a current of hydroffcn (jm at 
a more or less elevated tempemture. At a higher degree of heat, 
hydrogen gas will transform to the reguline state all metallic 
oxides except the sef^juioxides f*f alimiinium and chromium, and 
the monoxides ot manganese, magnesium, barium, strontium, cal- 
cium, lithium, sodium, and p<»lassiimi. The temperature neces- 
sary to enable hydrogen to effect the decomiK>sition of some oxides 
is comparatively low. Thus metallic iron may be reduced from 
its oxides by hydrogen gas at a heat considerably lielow redness, 
so as to form an iron pyrophorUvS. Carbon, at a red or white heat, 
is a still more ]K)werful deoxidating agent than hydrogen, and 
seems to be capable (»f com]>letely reducing all metallic oxides 
whatsoever. liie oxidisable mebds in general act as reducing 
agenta 

Chlorine decomposes all metallic oxides, except those of the 
earth-metals, converting them into chlorides, and ex]>elling the 
oxygen. With silver oxide this reaction lakes place at orlinaiy 
temperatures ; with the alkalis and alkaline earths, at a full red 
heat. Hufphur, at high teTnj>erature-s, can decompose most metallic 
oxides. With many oxides — those of silver, mercury, lead, and 
copper, for instance — metallic sulphides and sulphur dioxide are 
produced. With the highly basylous oxides, the products are 
metallic suljdiate ainl sulphide. Thei’e are some oxides upon 
which sulphur exerts no action. Of these the principal are mag- 
nesia, alumina, chromic, stannic, and titanic oxides. By boiling , 
sulphur with soluble, hydrates, mixtures of polysulphide and thi(> 
sulphate are produced. With the exception of magnesia, alumina, 
and chtomic oxide, most metallic oxides can absorb sulphurettetl 
liydrogen, to form metallic sulphide or sulphydrate and water. 
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Oitygea-salta, or Oxysalts. — It has been already ex- 
in the chapter on Oxygen (p, 116 ) that oxides may be 

ivided into three classes, acid^ neut^^ and bcmc; the first and 
third being capable of uniting with one another in definite propor- 
tions, and forming compounds called salts. The most churac- 
teristic of the acid oxides are those of certain mehdloids, ius nitro- 
gen, sulphur, and phosphorus, which unite readily with w'atcr 
or the elements of water, forming compounds called oxygen- 
acids, distinguished by sour histe, soliioility in water, and the 
power of reddening certain vegetable blue colours. The most 
characteristic of the Ixisic oxides, on the other hatal, are those 
of the alkali metals and alkaline earth-metals (p. 2!)2), which 
likewise dissolve in water, but form alkaline solutions, ]»i>ssessing 
in an eminent degree the j)ower of neutrall.s^htif acids, anti tbrming 
salts with them. The same power is exliibiWd more t>r less ])y 
the monoxides of nif)st other metals, as zinc, iron, co[)i>er, man- 
ganese, itc., and by the sesqiiioxides of aluminium, inm, chrtuniuni, 
and others. The higher oxides of seveial of tlu‘se metals — tlit* 
trioxide of chromium, for exam])Ie — exhibit acid eliaracters, Inurig 
capable of forming salts with the more basic oxides; anti some 
lijotais, as arsenic, antimony, niobium, and tantalum, ft)rm t)nly 
acjtl ox j ties. 

In some cases salts are f<»riiietl by the direct Cfunbiiritioii of an 
acid autl a basic oxide. Thus, when vapour t>f sulphuric oxiile, 
SO3, is passed over retl-hot barium t»xi<le, IkiO, the twt> c<»mbine 
together and ft»rni barium ;sulphate, Ba(XS03 or BaSO^ ^^Hicic 
t»xide, SiOj, pht>,spht)ric t>xifle, lV^,v arsenic t)xitle, As./);., btuic 
oxide, B2O3, anti (»ther acid tixide^* capable of withstanding a high 
temperature without det*onn>osing or vt)latilisi»ig, likewi'*e unite 
with basic oxides when heated with them, and ft>rm siilts. 

But in the majority of cases metallic salts are formed by substi- 
tution or interchange c»f a metal for hydrt)gcn, or ttf t)rie metal for 
another. It is clear, indeed, that any inetallii' salt (ziiKvsulphate, 
ZnO.S()3, for example) may be ilerived from the corres[>onding 
acid or hydrogen-salt (IlgO.SOg) by substitution of a metal for an 
e<|uivalent quantity of hyclrogen, Acconlingly, metallic salts are 
frequently produc(;d by the action of an acid on a metal or a 
metallic oxble or hydrate, thus — 


(1) 

H2SO4 

Ilydropfen 

sulphate. 

+ 

Zii" 

ZiASO^ 

Zinc 

sulphate. 

4 - 

H,. 

(2.) 

2HNO3 

Hydrogen 

nitrate. 

+ 

AsaO = 

Silver 

oxide. 

2AKNO3 

Silver 

nitrate. 

+ 

HjO. 

Water. 

( 3 .) 

HNO3 

11% drogen 
nitrate. 

+ 

KHO = 

Potassium 

hydrate. 

KNO3 

Potassium 

nitrate. 

+ 

HjO. 

\fatcr. 
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In the instances repteeented bv these equations, the metallic salts 
formed are soluble ui water. Insoluble salts are frequently pie- 
pared by interchange of the metals between two soluble salts ; 
thus: — 


(4) Ba'(N03)2 + Na^SO, 

Barium Sodium 

nitrate. sulphate. 


Ba^SO, + 2NaN08. 

Barium Sodium 

sulphate. nitrate. 


In this « i M! the harimn sulphate, Tieing insoluble, is precii>itated, 
while thv* sodium nitrate remains in solution. 

In all these reactions, hydrochloric acid or a metallic chloride 
might he substituted for the oxygen-acid or oxygen-salt, without 
the slightest alteiution in the nuxle of action, the profluct formed 
in each c^ise being a cliloride instead of a nitrate or suljihate; 
thus : — 


(ly 

(ay 

(3); 

(-t) 


aliri 

+ 

Zn" 

- Zll"Cl 2 

- 1 - 

II., 

2 Ht;i 

+ 

Aii-P 

= 2A<'('1» 

+ 

H.X> 

HCl 

+ 

KIIO 

= KOI 

+ 

h;o 

AKNO 3 


NaCl 

= AkCI 

+ 

NaXOj. 


From all these considerations it appeal's that oxygen-sfilts imiy 
regarded, either as t-ompounds of acid oxides with basic oxides, 
or as analogous in composition to chlorides, — that is to say, as 
conijiounds of a iii<*tal with a radical or group of elements, such 
as {nitri^nu) in tin* nitrates, (snlphione) in the sulphates, 
discharging fuucti(»ns similar to tliose of chlorine, and capable, 
like that element, of jiassing unchanged from one compound to 
another. • 

For manv years, indeed, it was a subject of discussion among 
chemists, wliether tlie former or the latter of these views should 
Ik*, regarded as representing i\mactuHl constitution of oxygen-salts, 
Berzelius divided siilts into two classes: — ( 1 .) Haloid .salts, 
comprising, as alivady mentioiied, the chlorides, bromides, iotlides, 
and fluorides, which are compounds of a metal with a monad 
metallic element. — ( 2 .) Am]>liid salts, consisting of an acid or 
electro-negative oxide, sul]>hide, selenide, or telluride, with a basic 
or electro-positive compouml of the same kind ; such as potassium 
arsenate, 3 K 20 .PjjO,.; potassium sul])hai'senate, 3K2S-P2155 ; |x>ta.s- 
sium seleniophosphate, 2 KoS,P 2 Se^, &c. 

Davy, on the <ither hanci, observing the close analogy lietween 
the reactions of chlorides, on the one hand, and of oxvgen-salts, 

• such as sulphates, nitrates, &c., on the other, suggested that the 
latter inight be regarded, like the former, as compounds of metals 
with acicl or electro-negative radicals, the only difference l>eing, 
that in the former the acid radical is an elementary body, Cl, Br, 
&c., whereas in the former it is a compound, as SO^, NO 3 , P(b, 
&c. This was called the binary theory of salts; it was supported 

U 
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by many ingenious arguments by its proposer mnl sevenil lontein- 
pomry chemists; in later years also by Liebig, ami by Daniell 
and Miller, who observed that the mode of decoiniH^sili*^ <it siilts 
by the electric cuiTent is more easily represented by this theory 
than by the older one (p. 2(i5). 

At the present day, the relative merits of these* two theories are 
not regarded as a point of very great importance, (’hemists, in 
fact, no longer attempt to construct formuhe whicli shall represent 
the actual arnnigemeiit of atoms in a compound, the formula* now 
in use l)eing rather iutende*! to exhihit, tirst, the balance or 
neutralisation of the units t>f eipiivalency or atomicity of the several 
elements contained in a comj)ound (p. 243); and, secondly, the 
manner in which any compound or grouj) of atoms splits up into 
subordinate groups under the intluence of dilfereiit reagents. 
Aceonling to the latter view, a compound containing three or 
more eleiuentaiy atoms may he represented by ditfereiit forinuluj 
conesponding to the several waj s in which it decompos(*s. Thus 
hydrogen sulphate ixr sulphuric aciil, 112^04, may be re]>rt*sente<l 
by either of the following formuhe : — 

(1.) Hg-SOi, which represents the separation of hydrogen and 
formation of a metallic sulphate, by the action of zinc, &c.; this 
is the fonnula corresponding to the'binary theory of salts. 

(2.) SO, ,11,0. This formula represents the formation of the 
acid hy direct hydration of sulidiuric oxi<le; tlie separation of 
water and formation of a metallic suljdiate by the action of imig- 
nesia and other anhydrous oxides; and the sej>aratiou of sulphuih* 
oxide and formation of plnwphoric acid hy the action of phosphoric 
oxide :~ 

ft03.H/) + MgO S03,.Mg0 -f. US) 

SO3.H2O + IV >5 == P/>vI^>0 + ►SO.,. 

(3.) S02,().,H2, or ^>02(011).,* This turmula i‘ej)n‘sf*nts sucli 
reactions as the elimination of hydrogen dioxide by the action of 
barium dioxide, BaO^. 

(4.) SU2.O4. This fonnula represents the fonnation of sulpburi** 
aci(l by direct oxidation of hy<lrogen sulphi»le, SII2, and the elimi- 
nation of the latter by the action of ferrous sulphate : — 

SI4O4 + FeS FeS 04 + Sir,. 

Formuhe of the thinl of these types, like SfUOIf).,, which 
^present oxygen-acids as compoumis of hydroxyl with" certain 
?id radicals, as SOg" fsuli>l2ujy]), CO" (carbonyl), PO'" (pho.s- 
ionyl), &c., comf-spond to a gn-at variety of reactions, and are 
very frequent use. They exhibit in particular the re»lation of 
e oxygen-acids (hydToxylute.s) to the corresfwnding chlorides, 
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(SO,r(OH), 

Sulphuric acid. 


(Ho,rci, 

Sulphuric chloride. 


(por'(oii)3 

Phosphoric acid. 


(por'ci3 

Phosphoric chloride. 


Basicity of Achls. Normal^ Acid and Double Salts . — Acids are 
luonubasic, bibasic, tri basic, &c,, acccmliiig as they contain one (ir 
more atoms of hydrogen renhiceuble l^y metals; thus nitric acul, 
HNO3, and hydi*ucliiIorie acid, HCI, are monobasic ; suljdmric acid, 
H0SO4, is bibasic; phosjdioric acid, II3PO4, is tri])a.sie. 

jM(»uobasic acids form but one class of siilts )>y substitution, the 
metiil t; kiog the phute of the hy<lrogen in one, t\V(i, (»r three iiiole- 
ciiles ol the acid, acconling to its e<|uivalent value or atomicity ; 
thus the action of hvilrochloric acid on sodium, zinc, and alumi- 
nium is repivsented by the ei|uaiions: 

IICM + Xa - XaCI + H 

2[I(d -f Zn" = Zn"(^I., + H., 

;UI(d + AV" - + H3, 

and that of nitric acid on the hy<lrate.s of the saim* metals by the 
ecpiations : • 

IIX(h + Xa(IIO) =:= XaXO, + n(HO) 

2HN(>3 + Pa'XHO).^ - rsi"(N(),)., + 2H(H()) 

311X03 + Ar"(no)3 = Ar"(X().,); + 3 H([io). 


Bibasic a<ads, on the other liand, form two classes salts, viz., 
•t/u mo metallic or acid salfs^ in wliioli lialf the hydrogen is rejdaced 
l)V a metal ; and himtfallic salfs^ in which the whole of the hydro- 
gen is thus replact»d, tin* salt Iniing called uonnal or neutral if it 
contains one metal, and double if it coiiUiins two metals; thus; 


From IL^S04 is derived IvIISO, 




3H2SO., 


Na 1^3(5504)2 
KA 1 *(S(),)., 
Al-CSO^),- 


t hydio-pota.s>ie or acid potas- 
J sium sulphate, 

) bipotasNic or normal potas- 
( sium sul]»hate, 
barium sulphate, 
sodio-tripota^sic sulphate, 
potassi(t-aluminic sulphate, 
normal aluminium siilphate. 


Trihasic acids in like inamuT form two classes of acid wilts, 
nummne.tallic^ or bimetallic^ (U'conling as one-third or two-thinls of 
tlie hydrogim is replaowl by a imtal; also nornuil and double or 
triple salts^ in W'hich the hydrogen is wholly rejdaced by one or 
more metals; in quadrilnisic acids the variety is of course still 
gr<*.ater. 

Tlie use of the tenninations om and n*, as ap]>lied to salt^ii, has 
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already been explained. We have only further to obseive in thia 
place that when a metal forms but one class of salts, it is for the 
most jiart better to <lesigiiate those salts by the name of the metal 
itself than by an adjective ending in ic; thus potassium nitrate^ 
and lead sulphate, are mostly to be pieferred to potassic nitrate and 
plumbic sulphate. But in naming double sajts, and in many cases 
where a numeral prefix is retpiired, the names ending in ic are 
more euphonious; thus tripiumbic phosphate sounds fetter than 
trilead phosphate, an<l hydrodisodic phosphate is certainly better than 
hydrogen and disodium phospihate; but there is no occasion for a 
rigid adlierence to either system. 

All oxygen-salts may also be represented as compounds of an 
acid oxide with one or more molecules of the same or different 
basic oxides, including water, e.y. : 

• Hydro-i)()tassic sulphate, 2HK(S04) = H^O.KgO.SSOg 

Sodio-tripotassic sulphate, 2NaK3(S04)2 = Na20.3K20-4S03 
Potassio-aliiminic sulphate, 2KAr''(S04)2 = K2O.ALO3.4SO3 
Hydrodisodic phosphate, 2HNa2(P04) = 

When a normal oxygen-salt is thus formulated, it is easy to .see 
that the number of molecules of acid oxide contained in its mole- 
cule is ec^ual to the number of oxygpn-aioms in the base ; thus : 

Normal potassium sulphate, K2SO4 = KgO.SOj 

„ barium sulphate, Bu^SOa = BaO.SOg 

„ stannic sulphate, 811*^(804) > = Sn02.2S03 

„ aluminium sulphate, A1"'2(S04)3 = AI2O3.3SO3. 

When the proportion of acid oxide is less than this, the salt is 
called basic ; such salts may be reganled fis compounds of a 
normal salt with one or more molecules of basic oxide, or as 
derived from norjnal salts by substitution of oxygen for an efjui- 
valent quantity of the acid radical ; thus : 

Trihasicicad nitrate, 3 Ph'V.X,, 0 , == Ph"(N 0 ,).j. 2 Pl /'0 

■ ■ = 

Quafhibai^ic filnwi- /an v' 

Ilium sulphate, ^ = 3 Al .O^Al ,.(SO^) , 

= A1'",(S0J30"„. 


The last mode of formulation exhibits tlie amiloj'y of thest; Imsir 
oxysalts to the oxychlorides, oxyiodides, &c. : thus the basic lea«I 
nitrate, Pb3(N03)202, just mentioned, is analoj^ous to the <*xv- 
chloride of that metal, PbjCljOj, which ooiiurs native os meiuli- 
pite. 

The terms basic and acid are sometimes aji^died to salts with 
reference to their action on ve;/etab 1 e colours. The normal salts 
formed by the union of the stronger acids with the alkalis and 
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alkaline earths, such as potassium sulphate, KgSO^, barium nitrate, 
Ba"(N 03 ) 2 , &c., are perfectly neutral to vegetaole colours, but 
most other normal salts exhibit either an acid or an alkaline reac- 
tion; thus ferrous sulphate, cupric sulphate, silver nitrate, and 
many others, redden litmus, while the normal carbonates and 
phos])hates of the alkali-metals exhibit a decided alkaline reaction. 
It is clear, then, that the action of a salt on vegetable colours bears 
no definite relation to its composition : hence the term normal^ as 
applied to siilts in which the basic hydrogen of the acid is wholly 
replaced, is preferable to neutral^ and the terms basic and acid^ as 
applied to salts, are best used in the manner above explained with 
remrence to their composition. 

When a normal salt containing a monoxide passes by oxidation 
to a salt containing a sesciuioxide, dioxide, or trioxide, the quantity 
of acid piesent is no longer sufficient to saturate the base. Thus 
when a solution of ferrous sulphate, FeS 04 , or FeO.SOg (common 
green vitriol), is exposed to the air, it absorbs oxygen, and an 
insoluble ferric salt is produced containing an excess of base, while 
normal feme sulphate remains in solution : 

4 (Fe 0 .S 03 ) + O3 = Fe.P3.3SO3 + FeP3.S03. 

P'errous sulphate. Normal ferric Basic ferric 

sulphate. sulphate. 


These basic salts are very often insoluble in water. 

Salts containing a proportion of acid oxide larger than is suffi- 
cient to form a tieutral compound, are called anhydro-salte 
(sometimeii, though improperly, aciti salts) ; they may evidently 
be reganled as compounds of a normal salt with excess of acid 
oxide ; e.g . : 


Sodium anh y drosulphate 
(bisulphate of soda), 
Potassium aiihydrochromate 
(bichromate of pobish), 


j Na,0.(S()3)3 = Na 3 (S 04 ).S 03 

I K.p.(( ' 1 - 03)2 = K2(Cr04).Ch03. 


The following is a list the mo>l important iuorgauic acids 
arranged accorhng to their basicity ;~ 


Hydrochloric, 
Hydrobroniic*, 
Hydriodic, . 
Hydrofluoric, 
Nitrous, 

N itric, 

Hyposulphurous, . 
Hypophosphorous, 
Metaphosphoric, . 


Moftobifsir 


nci 

HKr 

HI 

JIF 

HNO, 

HNO 3 

H.SHOs 

H(PH»(),) 

HPOg 


j Boric, 

I Antinionic, 
Hypochlorous, 
CTlilorous, . 
Chloric, 
Perchloric, 
Bromic, 

Iodic, 

Periodic, 


HBO 3 

HSbOa 


HCIO 

HCIO,j 

HCIO 3 

HCIO 4 

HBrOj 

HIOs 

HIO 4 
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Bibasie Adds, 

HoO 1 Selenioxu, 


Sulphydric, 

Selenhydric, 

H.S 

Selenic, 


H.8e 

Tellurous, 


Tellurhydric, 

HJe 

Telluric, 

H^TeO, 

Sulphurous, 

H,SO» 

Manganic, 


Sulphuric, . 

. H,S04 

Permanganic, 

H.Mn,Og 

Thiosulphnric, . 

. HAO 3 

Chromic, 

Stannic, 

HgCrO, 

Dithionic, . 

HjS^Og 

H-Snt), 

Trithionic, 

• H.,S30« 

Metasilicic, . 

H,SiO, 

Tetrathionie, 


Carbonic, 

HaCOg 

H 3 (PH 03 ) 

Pentathionic, 


Phosphorous, 

Orthophosphoric, . 

Trihasic Aciil'i, 

H3PO4 1 Arsenic, 

. IfgAsO, 

Pyrophosphork\ 

Tetrabasi 

■ 1 

r Adda, 

Orthosilicic, . 

. ir^sio^ 


Tlje ffononil characters of most of the non-metal lie acids and 
their salts Lave In^en alreatly considered ; but the phosphates 
require further m)tice. 


Phosphates. — There are three modi heat ions of j)hosj)hnric aeitl : 
one being monobasic, the second tribasic, and the third tetra- 
basic, as indicated in the preceding table. 

Hydrogen phosphide, PHo, burnt in air or oxygen gas, takes up 
four atoms of oxygen, and forms trihydric phosphate or 
tri basic phosphoric acid, PH3O4. The s^ime acid is ])roducod 
by the oxidation of hypophosphorous or phosphorous acid’; })y 
oxidising phosphorus with nitric acid (p. 224 ) ; by the deciunposi- 
tion of native calcium phosphate (apatite) and other native jdios- 
phates ; and by the action ofboiling water on phosphorus pentoxide, 
PrtOft. This acid forms three distinct classes of metallic salts. 
Witn sodium, for example, it fomis the three salts, NaH^P04, 
NaoHPO^, and Na3p04, the first two of which, still containing 
replaceable hydrogen, are acid siilts, wliile tlie third is the normal 
or neutral salt. 

If now the monosodic phosphate, NaH2P04, be heated to redness, 
it mves off one molecule of water, and leaves an anhydrous mono- 
sooic phosphate, NaPOg, the aqueous solution of which, when 
treated with lead nitrate, yields a lead-salt of corresponding com- 
position; thus: — 

2 NaP 03 + Pb'XNOg)., - PV^POg)., -f 2 NaN 03 , 

and this lead-salt decomposed by sulphydric acid, yields a inono- 
hv^c acid having the composition HPO3, possessing properties 
quite distinct from those of the trihydric acid above mentioned : 
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ri/YPOa)^ + HgS 2HPO3 + Pb"S. 

The trihydric acid which is produced by the oxidation of 
phosphorus, and by the decomposition of the ordinary native 
phosphates, is called orthophosphoric acid or ordinary 
phosphoric acid; the monohydric acid is called metaphos- 

1 )hoi*ic acid. The former may be regarded as a trihydrate, the 
atter as a monohydrate of phosphoric oxide : — 

21^ ' O4 = P2O3.3H0O, orthophosphoric acid, 

;iiiP03 == P2O5.H2U, metaphosphoric acid. 

Both are sqlnble in water, and the former may be produced by the 
action of boiling water, tlie latter by that of cold water on phos- 
phoric oxide. They are easily distinguished from one another by 
their i*eactions with albumin and with silver nitrate. Metaphos- 
phoric acid coagulates albiiniin, and gives a white precij)itiite with 
silver nitrate ; Avliereas orthojdiosphoric acid does not coagulate 
albumin, and gives no precipitate, or a very slight one, with silver 
nitrate, till it is neutralised with an alkali, in which case a yellow 
precii)itate is formed. 

Metai)liosj>lioric acid and its salts differ from orthoidiosjdioric 
acid and the orthophos])liates by the want of one or two atoms of 
water or base ; thus : — 

M et npli ospli at es. Orthophosph ates. 

IlPOg = H3PO4 HgO 

NaPOo =- NaH,P04 - HoO 

Ba"(PO,), = - 2I];0 

AgPOg = Ag3P04 Ag^O 

Pb'XPOa), = Pb" 3 (P 0 . 4)2 - 2 Pl/' 0 . 

Accordingly, we find tliat mctaidiosphates and orthophosphates 
are convertible one into the other by the loss or gain of one or 
two molecules of water or metallic base ; thus : — 

oc. A solution of inetiiphosjdioric acid is converted, slowly at 
onlinary temperatures, (luickly at the boiling heat, into ortlio- 
phosphoric acid, and tlie inetaphosphates of sodium and barium 
are convei ted by boiling with water into the corresponding mono- 
metallic orthuj>hosphates (see the first three equations above). — 
/ 3 . The metaphosphate of a heavy metal, silver or lead, for exam- 
ple, is converted by boiling with water into a trimetallic phosphate 
and ortho]»liosphoric acid : — 

3 AgP 03 + 3H2O = Ag 3 P 04 -f 2 ir 3 P 04 . 

y. When any metaphosjihate is fused wdth an oxide, hydrate, or 
carbonate, it becomes a trimetallic orthophosphate, e.g. : 

NaPOa + Na2C03 = Na3P04 + CO2 . 
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3bftiid (>X when aiiho(»hoG^hoiie add is heated to 
MW W W% II weee water end becomes metarhosphoric add ; and 

orthophosphate is heated to redness^ it also 
and is tiaissfoin£ed into a metaphosphate. 

' ^iMtetatediate between orthonhosphatee and metaphosphates^ 
mSM am at least three distinct classes of salts, the most important 
of which ^ the pyrophosphates or paraphosphates, which 
rwy be ddrtved from the tetoahydric or quadribasic acid, 
the normal sodium salt, for example, bemg the normal 

lead salt, Ph'^aP^Oy, &c. These salts may be viewed as compounds 
of oithophospbate and metaphosphate, e\g. : 


No^PA = NaaPO^ + NaPOa. 

Sodium pyrophospbate is jmxluced by heating disoilic ortho- 
phosphate to redness, a molecule of water being then given off: 

2Na2HP04 = H.O + Na^P/V- 

Tlie aqueous solution of this salt yields insoluble pyrophosphates 
wntb lead ajid silver salts ; thus with lead nitrate : 


+ 2P}/'(N03), = 4NaNO,, + Pl/',P/)r ; 

and lead }>yrophosphate deeuiiipost^<l by hydrogen sulpliide yields 
hydrogen pyrophosphate or pyrojdiosplioiic acid : 

rb"^P^O. + 2H.S =- 2Pb"S + H4P2O7. 

Pyrophosphoric iici<l is divstinguished from metaphosphoric acid by 
not coagulating albumin and not precipitating neutral solutions of 
barium or silver salts, and from orthophosphoric acid 1 >y producing 
a white instead of a yellow precipitiite with silver nitiato. 

Pyrophosphates are easily conveiled into nietaphospliates and 
orthophosphates, and mce versuy by addition or abstraction of 
w ater or a metallic base. 

The production of a pyrophosphate from an ortliophospbate 
by loss of water has been alreacly mentioned. — / 3 . Convers(dy when 
a pyrophosphate is heated with water or a base, it becomes an 
orthophosphate, e.g. : 

+ HoO = 2 Naj,HP 04 

Na4P207 + 2 NaHO = 2Na3P()4 + H^O . 

In like manner orthophosphoiic acid heated to 215 ° is almost 
entirely converted into pyrophosphoric acid : 2II3PO4 — HoO = 
H4P2O7 ; and conversely, when pyroidiosphoric acid is boiled with 
water, it is transformed into orthophosphoric acid. 

y. Pyrophosphoric acid lieated to dull redness is converted into 
metaphospnoric acid: H4P2O7 — H2O = 2HPO3. The converse 
reaction is not easily effected, inasmuch as metaphosphoric acid 
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1)7 absorbing water ^nerally passes directly to the state of ortho- 
phosphoric acid. Peligot, however, observed the formation of 
pyrophosphoric from metaphosphoric acid by very slow absorption 
of water. — 2. When a metallic metaphosphate is treated with a 
proper proportion of a hvdrate, oxide, or carbonate, it is converted 
into a pyrophosphate ; thus ; 

2NaP03 -I- NajCOg = NatPjOy + COg. 

Metaphosphate. Carbonnte. Pyrophosphate. Carbon dioxide. 

Fleitnmnn and Hellneberg by fusing together a molecule of 
sodium pyrophosphate, Na3P04,NaP03, with two molecules of 
metaphosphate, NaP(X, obtained a salt having the composition, 
Na3P04.3NaP03 = ]SIa0P4O43, which is soluble without decom- 
position in a small ({uantity of hot water, and crystallises from its 
solution by evaporation over oil of vitriol. An excess of hot 
water decomposes it, but its cold aqueous solution is moderately 
permanent. Insolul3le phosphates of similar composition may be 
obtained from the sodium-salt l»y double decoYnposition. Fleit- 
mann and Hennelu^rg obtained another crystallisable but very 
insoluble salt, having the composition, Na3P04.9NaP03 = 
together one molecule of sodium pyrophos- 
phate with eight molecules of the mebiphosphate ; and insoluble 
phosphates of similar coiistitution were obtained from it by double 
uecomposition. 

The comparative composiliou of these different phosphates is 
best shown by representing them as compounds of phosphoric 
oxide with metallic oxide, and assigning to them all the quantity 
of base contained in the most complex member of the series; thus — 


Orthophosphate, 6Na.p.2P20R = 4Na3P04 

Pyrophosphate, 6Na2O.3P.2O5 ~ 3Na4P207 

Fleitniaim and Henneberg’s phosphate (a), 6Nao0.4Po05 = 2NagP40,o 

„ (h), 6 Na^ 0 . 6 P .205 == Na^2PioOai 

Metaphosphate, 6Na.20.6P205 12NaP03. 


Metallic Sulphides. — These compounds correspond, for the 
most part, to the oxides in composition : thus there are two sul- 
pliides of arsenic, AS2S3 and As^S^, corresponding to the oxides, 
AS.2O3 and AsoO^ ; also two siilpludes of mercury, HgoS and HgS, 
analogous to the oxides, Hg^O and HgO. Occasionally, however, 
we meet with oxides to which there ai’e no corresponding sulphides 
(manganese dioxide, for example), and more frequently sulphides 
to which there are no corresponding oxides, the most remarkable 
of which are perhaps the alkaline polysulphides. Potassium, for 
example^ forms the series of sulphides, K2S, KgSg, K^Sg, K2S4, 
and third and fifth of which have no analogues in the 

oxygen series. 

There are also sulphydrates analogous to the hydrates, and 
containing the elements of a metallic sulphide and hydrogen 
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eu^hydiic acid : e. jr., potassium sulphydrate. 
« 2KHS ; lead sulphydmtc, Pb'^'S.HgS » 
Siuphydrates and sulphides may be derived from sulphydiic acid 
by partial or total replacement of the hydrogen by metals, jmit 
as metallic hydrates and oxides are derived from water. 

Many metallic sulphides occur as natural minerals, especially 
the sulphides of lead, copper, and mercury, which alFord valuable 
ores for the extraction ol the metals, and iron bisul}>hide or iron 
pyrites, FeSg, vrhich is lai^ely used as a source of sulphur, and 
for the preparation of ferrous sulphate. * 

Sulpuides are formed artificially by heating metals with sulphur ; 
by the action of metals on gaseous hydrogen sulphide ; by the 
reduction of sulphates with hydrogen or charcoal; by heating 
metallic oxides in contact with g^iseous hydrogtm sulphide, oi 
vapour of carbon bisulphide ; and by precii)itation of metallic 
solutions with hydrogen sulphide or a sulphide of alkali-metal. 
Some metals, as copj^er, lead, silver, bismuth, mercury, and cad- 
mium, are precipitateil from their acid solutions by liydrogen siil- 
pliide, passed into them as giis, or added in a(|ueons solution, the 
sulphides of these metals being insoluble in dilute acids ; others, 
as iron, cobalt, nickel, manganese, zinc, and uranium, form sul- 

I ihides which are soluble in acids, and these are 2 )reci])italed by 
lydrogen siiljihide only from alkaline solutions, or by ainmoniuin 
or potassium sul]>hide from neutral solutions. Many of these 
suljihides exhibit characteristic colours, which serve as indications 
of the presence of the resj^ective metals in solution ({>. 207). 

Metallic suljjhides are also formed by the reduction of sulpliates 
with organic substances ; many native sul^diide.s have doubtless 
been formed in this way. 

The physical characters of some metallic sulpliidcs closely 
resemble those of the metals in certain particulars, such as tiie 
l^eculiar opacity, lustre, and density, esj>ecially when they are in 
a crystalline condition. They are generally cry stalli sable, brittle, 
and of a grey, pale yellow, or dark brown colour. The sul]»hides 
of the alkali-metals are soluble in water ; most of the otlxers are 


insoluble. They are more frequently fusible than the correspond- 
ing oxides, and some are volatili sable, as mercury suJixhule and 
arsenic sulphide. 

Many sulphides, when heated out of contact with atmosjjheric 
air, do not undergo any decomj^osition ; this is the case chiefly 
with those containing the smallest proportions of sulphur, such as 
the monosuljxhides of iron and zinc. Sulphides containing lar^r 
proportions of sulphur are partially decomposed by heat, losing 
part of their sulphur, and Ixjing converted into lower sulphides ; 
as in the case of iron bisulphide. The sulphides of gold and 
platinum are. completely reduced by heat. 

By the simultaneous action of heat and of substances capable of 
combining with sulphur, ^le sulphides may he decomposed. 



SULPHIDES. 


316 


Thus, for instance, silver, copper, bismuth, tin, and antimony 
sulphides are reduced by hydrogen; copper, lead, mercury, and 
antimony sulphides are reduced by heating with iron. 

Sulphides which are not reduced by heat alone, are always 
decomposed when heated in contact with oxygen or atmospheric 
air. Those of the alkali-metals and earth-metals are converted 
into sulphates by this means. Zinc, iron, manganese, cojjper, lead, 
and bismuth sulphides are converted iiito oxides, and sulphurous 
oxide is jiroduced : but when the temperature is not above dull 
redness, some sulphate is formed by direct oxidation. Mercury 
and silver sulphides are completely reduced to the metallic state. 
Some niitive sulphides gmdually undergo alteration by mere 
exjiosure to the air; but it is then generally limited to the pro- 
duction of sulphates, unless the oxidation takes place so rapidly 
that the, heat generated is sufficient to decompose tne sulphate first 
produced. In the production <»f some metals for use in the arts, 
the separation of siupliur from the native minerals is effected chiefly 
by means of this action in the ojieration of roasting. 

Metiillic sulphides are decomjiosed in like manner when heated 
with metallic oxides in suitable proportions, yielding sulphurous 
oxide and the metal of both th^ sulphid.e and oxide. Lead is 
reduced from the native sulphide in this manner. 

Many nietallic sulphides are decomposetl by acids in the pre- 
sence of water, sulj)huretted hydrogen being evolved while the 
metal enters into combination with the chlorous radical of tlie 
acid. Nitric acid when concentrfited decom])oses most sulphides, 
with formation of metallic oxide, sulphuric acid, sulphur, and a 
lower oxide of nitrogen. Nitromuriatic acid acts in a similar 
manner, but vstill more energetically. 

Sulphur-salts. — Tlie sulphides of the more basylous metals 
unite with those of the more chlorous or electro-negative metals, 
and of the metalloids, forming sulphur-salts, analogous in com- 
position to the oxygen-salts, €,g, : 

Carbonate, K,,C03 == KgO.CO^ 

Sulphocarbonate, K!^CS3 = K2S.CS2 

Ai’senate, 2K3ASO4 = SKgO.As^Og 

Sulpharseiiatc, 2K3ASS4 = AS2S3 . 

Selenides and Tellurides. — These compounds are ana- 
logous in composition, and in many of their properties, to tin* 
sulphides, and unite one with the other, forming selenium-salts and 
telnu’ium salts analogous to the oxygen and sulphur salts. 

Metals also form definite compounds with nitrogen, phosphorus, 
silicon, boron, and carbon ; but these comi>ounds are compamtively 
unimportant, excepting the carbonides of iron, which form cast 
iron and steel. 
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CLASS I.— MONAD METALS. 

J GROUP I. -METALS OF THE ALKALIS. 

POTASSITTM. 

Atomic weighty 39*1 ; symbol, K (Kalium). 

PoTASSiLM was discovered in 1807 by Sir H. Davy, who obtained 
it in very small quantity by exposing a piece of moistened potas- 
sium hydrate to the action of a powerful voltaic battery, the alkali 
being placed between a pair of platinum plates connected with the 
apparatus. Processes have since been devised for obtaining this 
metal in almost any quantity that can be desired. 

An intimate mixture of potassium carbonate and charcoal is 
prepared by calcining, in a covered iron pot, the crude tartar of 
commerce ; when cold it is rubbed to powder, mixed with one- 
lenth part of charcoal in small|^umps, and quickly transferred to 
a retort of st(jut hammered iron : the latter may be one of the iron 
bottles in which mercury is imported. The retort is introduced 
into a furnace a (fig. 134), and placed horizontally on supports of 
fire-brick, /, /. A wrought-iron tube d, four inches long, serves to 
convey the vapours of potassium into a receiver e, formed of two 
pieces of wrought iron, a, h (fig. 134), which are fit^ted closely to 
each other, so as to fonn a shallow box only a quarter of an inch 
deep, and are kept together by clamp-screws. The iron plate 
should be one-sixth of an inch thick, twelve inches long, and five 
inches wide. The receiver is open at both ends, the socket fitting 
upon the neck of the iron bottle. The object of giving the receiver 
this flattened form is to ensure the rapid cooling of the potassium, 
and thus to withdraw it from the action of the carbon monoxide, 
which is disengaged during the entire process, and has a strong 
tendency to unite with the potassium, forming a dangerously 
explosive compound. Before connecting the receiver with the 
tube d, the fire is slowly raised till the iron bottle attains a dull 
red heat. Powdered vitrefied borax is then sprinkled upon it, 
which melts and forms a coating, serving to prcjtect the iron from 
oxidation. The heat is then to be urged until it is very intense, 
care being taken to raise it as equally as possible throughout every 
part of the furnace. When a full reddi^-white heat is attained, 
vapours of potassium begin to apjpear and bum with a bright flame. 
The receiver is then adjusted to the end of the tube, which must 
not project more than a quarter of an inch through the iron plate 
* forming the front wall of the furnace ; otherwise the tube is liable 
t.o be obstructed by the accumulation of solid potassium, or of the 
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explosive^ compound above mentioned, should any obstruction 
occur, it must be removed by thrusting in an iron bar, and if this 
fail, the fire must *be immediately withdrawn by removing the 
bars from the furnace, with the exception of two which support 
the iron bottle. The receiver is kept cool by the application of a 
wet cloth to its outside. When the operation is complete, the 
receiver with the potassium is removed and immediately plunged 
into a vessel of rectified Persian naphtha provided with a cover, 
and kept cool by immersion in watei*."* When the apparatus is 
sufficiently cooled, the potassiuni is detached and preserved under 
naphtha. « 

Fig. 134. Pig. 135. 




If the potassium be wanted absolutely pure, it must be after- 
wards re-uistilled in an iron retort, into which some naphtha has 
been put, that its vapour may expel the air, and prevent oxidation 
of the metal. 

Potassium is a brilliant white metal, with a high degree of 
lustre ; at the common temperature of the air it is soft, and may 
be easily cut with a knife, out at 0° it is brittle and crystalline. 
It melts completely at 62*5*^, and distils at a low red heat. It 
floats on water, its specific gravity being only 0’865. 

Exposed to the air, potassium oxidises instantly, a tarnish cover- 
ing the surface of the metal, which quickly thickens to a crust of 
caustic potash. Thrown upon water, it takes fire spontaneously, 
and bums with a beautiful purple flame, yielding an alkaline solu- 
tion. ^ When it is brought into contact with a little water in a jar 
standing over mercury, the liquid is decomposed with great energy, 
and hydrogen liberated. Potassium is always preserved under the 
surface of naphtha. 

Potassium CHnoRiDB, KCl. — This salt is obtained in laige 
quantity in the manufacture of the chlorate ; it is easily purified 


318 


MONAD METALS. 


from any portions of the latter by exposure to a dull •red-heat. 
Within the last few years large quantities of this salt have been 
obtained from sea-water, by a peculiar process suggested by M. 
Balard.* It is also contained in Mpj and is separated for the use 
of the aluiu-niaker. Considerable quantities of it are now obtained 
from the salt-beds of Stassfurt, near Magdeburg, in Prussia. 

Potassium chloride closely resembles common salt in appearance, 
assuming, like that substance, the cubic form of crystallisation. 
The crystals disscdve in three parts of cold, and in a much smaller 
quantity of boiling water: they are anhydrous, have a simple 
saline taste^ with slight bitterness, and fuse when exposed to a red- 
heat. Potassium chloride is volatilised by a very high temperature. 

Potassium Iodide, KI. — There are three different methods of 
preparing this important medicinal compound. 

(1.) When iodine is added to a strong solution of caustic pota-h 
free from carbonate, it is dissolved in large quantity, fonning a 
colourless solution containing potassium iodide and iodate ; the 
reaction is the same as in the analogous case with chlorine. When 
the solution begins to be permanently coloured by the iodine, it 
is evaporated to dryness, and * cautiously heated to redness, by 
w^hich the iodate is entirely converted into potassium iodide. Tlie 
mass is then dissolved in water, and, after filtration, made to 
crystallise. 

(2.) Iodine, water, aiul iron-filings or scraps of zinc, are placed in 
a warm situation until the combination is complete, and the solu- 
tion colourless. The resulting iodide of iron or zinc is then filtered, 
and exactly decomposed with solution of pure potassium carbonate, 
great care being taken to avoid excess of the latter. Potassium 
iodide and ferrous carbonate, or zinc carbonate, are thus obtained : 
the former is separated by filtration, and evaporated until the 
solution is sufficiently concentrated to crystallise on cooling, the 
washings of the filter being added to avoid loss : 

Feig + K2CO3 = 2KI -f FeC03. 

(3.) A very simple method for the preparation of potassium 
iodide has recently been proposed by Liebig. One part of amor- 

S hous phosphorus is added to 40 parts of warm water ; 20 ports of 
ry iodine are then gradually added and intimately mixed with the 
phosphorus by trituration. The dark-brown liquid thus obtained 
IS now heated on the water-bath until it becomes colourless ; it is 
then poured off from the undissolved phosphorus, and neutralised, 
first with barium carbonate and then mtn baryta water, until it 
becomes slightly alkaline ; and the insoluble barium phosphate is 
filtered off and washed. The filtrate now contains nothing but 
barium iodide, which, when treated with potassium sulfate, 

* Eepfirts by the Juries of the International Exhibition of 1802, Class II. 
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yields insoluble barium sulphate and potassium iodide in solution. 
Lime answers nearly as well as baryta. 

Potassium iodide ciystallises in cubes, which are often, from 
some unexplained cause, milk-white and opaque : they are anhy- 
drous, and fuse readily when heated. The salt is very soluble in 
water, but when pure, does not de^ quesce in a moderately dry 
atmowspliere ; it is dissolved by alcohol. 

Solution of potassium iodide, like those of all the soluble itxlides, 
dissolves af large quantity of free iodine, forming a deep-brown 
liquid, not decomposed by water, t ^ 

Potassium Bromide, KBr. — This compound may be obtained 
by processes exactly similar to those just described, substituting 
bromine for the iodine. It; is a colourless and very soluble salt, 
quite undistinguishable in appearance and general characters from 
the iodide. * 

Potassium Oxides. — Potassium combines with oxygen in 
three proportions, fonning a monoxide, KgO, a dioxide, K2O2, and 
a tetroxide, KgO^, besides a hydrate, KHO, corresponding to the 
monoxide. 

•Pottmnm monoxidey KgO, also called anhydrous potashy or 
potassUy is formed when potassium in thin slices is exposed at 
ordinary temperatures to dry air free from carbon dioxide ; also 
when the hydrate is heated with an equivalent ({uantity of metallic 
potassium : 


2KIIO + Ka = 2 K 2 O + Hg. 

It is white, very deliquescent and caustic, combines energetically , 
with water, forming potassium hydrate, and becomes incandescent 
when moistened with it ; melts at a red heat, and volatilises at 
very high temperatures. 

KO 

The didxidey K^Oo, or I , is formed at a certain stage in the 
KO 

preparation of the tetroxide, but has not been obtained quite pure. 
By carefully regulating the heat and supply of air, nearly the 
whole of the potassium may be converted into a white oxide, 
having nearly tne composition of the dioxide. An aqueous solu- 
tion of this oxide is formed by the action of water on the tetroxide. 
K— 0-^0 

The tetroxidey K2O4, or I » is produced when potassium 

is burnt in excess of dry air or oxygen gas. It is a chrome-yellow 
powder, which cakes together at about 280 °. It absorbs moisture 
rapidly, and is decomposed by water, giving off oxygen, and form- 
ing a solution of the dioxide. When gently heated in a stream of 
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carbon monoxide, it yields potassium carbonate and two atoms of 
oxygen ; 

. K2O4 + CO = K2CO3 + Oa -. 

witb carbon dioxide it acts in a similar manner, giving off three 
atoms of oxygen.* . . 

Potassium Hydrate, KHO, commonly called caustic potash^ or 
potassa^ is a very important substance, and one of gre^t- practical 
utility. It is always prepared by decomposing the carbonate with 
calckun hydrate (slaked lime). 10 parts of potassium carbonate 
are dissolved in 100 parts of water, and heated to ebullition in a 
clean untinned iron, or, still better, silver vessel ; 8 parts of good 
quicklime are meanwhile slaked in a covered basin, and the result- 
ing calcium hydrate is added, little by little, to the boiling solution 
of carbonate, with frequent stirring. When all the lame has been 
introduced, the mixture is suffered to boil for a few minutes, and 
then removed from the fire and covered up. In the course of a 
very short time, the solution will have become quite clear, and fit 
for decantation, the calcium carbonate, with the excess of hydrate, 
settling down as a heavy, sandy precipitate. The solution should 
not effervesce withacidS^., - - ’ 

It is essential in this process that the solution of potassium car- 
bonate be dilute, otherwise the decomposition becomes imperfect. 
The proportion of lime recommended is much greater than that 
required oy theory, but it is always proper to have an excess. 

The solution of potassium hydrate may be concentrated by 
quick evaporation in the iron or silver vessel to any desired 
extent ; when heated until vapour of water ceases to be disen- 
gaged, and then suffered to cool, it furnishes the solid hydrate, 
KHO or K2O.H2O. 

Pure potassium hydrate is also easily obtained by heating to 
redness for half an hour in a covered copper vessel, one pai-t of 
pure powdered nitre with two or three parts of finely divided 
copper foil. The mass, when cold, is treated with water. 

Potassium hydrate is a white solid substance, very deliquescent 
and soluble in water; alcohol also dissolves it freely, which is the 
case with comparatively few potassium compounds: the solid 
hydrate of commerce, which is very impure, may thus be purified. 
The solution of this substance possesses, in the very liighest degree, 
the properties termed alkaline: it restores the blue colour to 
litmus which has been reddened by an acid; neutralises com- 
pletely the most powerful acids; has a nauseous and peculiar 
taste; and dissolves the skin, and many other organic matters, 
when the latter are subjected to its action. It is frequently used 
by surgeons as a cautery, being moulded into little sticks for that 
purpose, 

* Harcourt, Chem. Soc. Jouni. xiv. 267. 
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Potassium hydrate, both in the solid state and in solution, 
rapidly absorbs carbonic acid from the air: hence it must 
be kept in closely stopped bottles. When imperfectly pre- 
pared, or partially altered by exposure, it effervesces with an 
acid. It is not decomposed by heat but volatilises undecomposed 
at a very high temperature. 

The ibllowing table of the densities and value in anhydrous 
potassium oxide, KgO, of different solutions of potassiimi hydrate, 
IS given on the authority of Dalton : — 


Density. 


Pfccentage of 
K^O. 


Density. 


Percentage of 
K2O. 


1-68 



51-2 

1*33 



26*3 

1-60 



4 G -7 

1*28 



23*4 

1 52 



42*9 

1*23 



19*5 

1-47 



39*6 

1*19 



16*2 

1-44 



36*8 

1*15 



13*0 

1-42 



34*4 

1*11 



9*5 

1*39 

1-36 



32*4 i 

29*4 1 

1 1*06 

1 



4-7 


> 


Potassium Nitrate; Nitre; Saltpetre, KN03 = N02(0K). 
— This important compound is a natural product, being disengaged 
by a kind of efflorescence from the surmce of the soil in certain 
dry and hot countries. It may also be produced by artificial 
means, namely, by the oxidation of ammonia in presence of a 
powerful base. ' 

In France, large quantities of artificial nitre are prepared liy 
mixing animal refuse of all kinds with old mortar or calcium 1 
hydrate and earth, and placing the mixture in heaps, protected « 
from the rain by a roof, but freely exposed to the air. From time | 
to time the heaps are watered with putrid urine, and the mass is ' 
turned over, to exj)ose fresh surfaces to the air. When much salt 
has been formed, the mixture is lixiviated, and the solution, 
which contains calcium nitrate, is mixed with potassium car-; 
bonate ; calcium carbonate is formed, and the nitric acid trans- 
ferred to the alkali. The filtered solution is then made to 
crystallise, and the crystals are purified by re-solution and crys-i 
tallisation, the liquid being stirred to jirevent the formation op 
large ciystals. 

The greater part of the nitre used in this country comes from 
India: it is dissolved in water, a little potassium carbonate is 
added to precipitate lime, and then the salt is purified as above. 

Considerable quantities of nitre are now manufactured by 
decomposing native sodium nitrate (Chile saltpetre), with car- 
bonate or chloride of potassium. In Belgium the potassium car- 
bonate obtained from the ashes of the beetroot sugar manufactories 
is lax^ely used for this purpose ; the potassium nitrate thus pre- 
pared is very pure, and is produced at a low prifee. 
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Potassium nitrate crystallises in anhydrous six-sided prisms, 
with dihedral summits, belonging to the rhombic or trimetric 
system : it is soluble in 7 parts of water at and in its own 

weight of boiling water. Its taste is saline and cooling, and it is 
without action on vegetable colours. It melts at a tempera- 
ture .below redness, and is completely decomposed by a strong 
heat. 

When it is thrown on the surface of many metals in a state 
of fusion, or mixed with combustible matter and heated, rapid 
oxidation ensues, at the expense of the oxygen of the nitric acid. 
Examples of such mixtures are found in common gunpowder, and 
in nearly all pyrotechnic compositions, which burn in this manner 
independently of the oxygen of the air, and even under water. 
Gunpowder is made by very intimately mixing together potas- 
sium nitrate, charcoal, and sulphur, in proportions which aj)- 
proach 2 molecules of nitre, 3 atoms of carbon, and 1 atom of 
sulphur. 

These quantities give, reckoned to 100 parts, and compared with 
the proportions used in the manufacture of the English Govern- 
ment powder, the following results : — 




Theory. 

Proportions 
in practice. 

Potassium nitrate, 


74-8 

76 

Charcoal, 

Siiljihur, 


13-3 

16 

• 

11-9 

10 



1000 

100 


The nitre is rendered very pure by the means already mentioned, 
freed from water by fusion, and ground to fine powder ; the sul- 
phur and charcoal, the latter being made from light wood, as dog- 
wood or alder, are also finely ground, after which the materials are 
weighed out, moistened with water, and thoroughly mixed by 
grinding under an edge-mill. The mass is then subjected to great 
pressure, and the mill-cake thus produced broken in pieces, and 
ptaced in sieves made of perforated vellum, moved by machinery, 
each containing, in addition, a round piece of heavy wood. The 
grains of powder broken off by attrition fall through the holes in 
the skin, and are easily separated from the dust by sifting. The 
powder is, lastly, dried by exposure to steam-heat, and sometimes 
glazed or polished by agitation in a kind of cask mounted on an 
axis. 

It was formerly supposed that when gunpowder is fired, the 
whole of the oxygen of the potassium nitrate was transferred to 
the carbon, forming carbon dioxide, the sulphur combining with 
the potassium, and the nitrogen being set free. There is no doubt 
that this reaction does take place to a considerable extent, and 
that the large volume of gas thus produced, and still further 
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expanded by the very hi^ temperature, sufficiently accounts 
for the explosive effects, ^ut recent investigations by Bunsen, 
Karolyi, and others, have shown that the actual products of the 
combustion of gunpowder are much more complicated than this 
theory would indicate, a very larg« number of products being 
formed, and a considerable portion of the oxygen being transferred 
to the potassium sulphide, converting it into sulphate, wliicli, in 
fact, constitutes the chief portion of the solid residue and of the 
smoke formed by the explosion.* 

Potassium Chlorate, KCIO 3 = C 102 ( 0 K). — The theory of 
the production of chloric acid, by the action of chlorine gas 
on a solution of caustic potash, has been already explained 
(P- 187). 

Chlorine gas is conduct^ by a wide tube into a strong and warm 
solution of potassium carbonate, until absorption of the gas ceases ; 
and the li(iuid is, if necessary, evaporated, and then left to cool, 
in order that the slightly soluble chlorate may crystallise out. 
The mother-lic^uor affords a second crop of crystals, but they are 
much more contaminated with potassium chloride. It may be 
purified by one or two re-crystallisations. 

Potassium chlorate is soluble in about 20 parts of cold and 2 of 
boiling water: the ciystals are anhydrous, flat, and tabular; in 
taste it somewhat resembles nitre. When heated it gives off the 
whole of its oxygen gas and leaves potassium chloride. By aiTest- 
ing the decomposition when the evolution of gas begins to slacken, 
and redissolving the salt, potassium perchlorate and chloride may 
be obtained. 

This salt deflagrates violently with combustible matter, explo- 
sion often occurring by friction or blows. When about one grain- 
weight of chlorate and an equal quantity of sulphur are rubbed in 
a morto, the mixture explodes wuth a loud report : hence it cannot 
be used in the preparation of gunpowder instead of the nitrate. 
Potassium chlorate is now a large ailicle of commerce, being em- 
ployed, together with phosphorus, in making instantaneous-light 
matches. 

Potassium Perchlorate, KCIO 4 = C10,(0K). — This salt has 
been already noticed under the head of perchloric acid. It is best 
prfe|^ared by projectiiiff powdered potassium chlorate into warm 
nitric acid, when the caloric acid is resolved into perchloric acid, 
chlorine and oxygen. The salt is separated by crystallisation 
from the nitrate. Potassium perchlorate is a very slightly soluble 
salt : it requires 55 parts of cold water, but is moTo freely taken 
up at a boillhg heat. The crystals are small, and have the figure 
01 an octohedron with square base. It is decomposed by heat in 
the same maimer as the chlorate. 

* See Watts's ** Dictionary of Clxemistry,” vol. ii. p. 958. 
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Potassium Carbonates. — Potassium forms two well-defined 
carbonates, namely, a normal or neutral carbonate, Kj^CO^, and an 
acid salt containing KlK^Og. 

Norvial potassium carbonate^ or Dipotassic carbonate^ K2CO3 = 
C0(0K)2 = K2^-^"^?* — Potassium salts of vegetable acids are of 
constant occurrence in plants, in the economy of which they per- 
form important, but not yet perfectly understood functions. The 
jiotassium is derived from the soil, which, when capable of sup- 
porting vegetable life, always contains that substance. When 
plants are burned, the organic acids are destroyed, and the potas- 
sium is left in the state of carbonate. 

It is by these indirect means that the carbonate, and, in fact, 
nearly all the salts of potassium, are obtained. The great natural 
depository of the alkalis is the felspar of granitic and other un- 
stratified rocks, where it is combined with silica, and in an 
insoluble state. The extraction thence is attended with great dif- 
ficulties, and many attempts at manufacturing it on a large scale 
from this source have failed ; but experiments recently made by 
Mr. T. O. Ward appear to indicate that the object may be accom- 
plished by fusing potassic rocks with a mixture of calcium car- 
oonate and fluoride. There are, however, natural processes at 
work, by which the potash is constantly being eliminated from 
these rocks. Under the influence of atmospheric agencies, these 
rocks disintegrate into soils, and as the alkali acquires solubility, 
it is gradually taken up by plants, and accumulates in their sub- 
stance in a condition nighly favourable to its subsequent ai)pli- 
cations. 

Potassium-salts are always most abundant in the green and 
tender parts of plants, as may be expected, since from these, eva- 
poration of nearly pure water takes place to a large extent : the 
solid timber of forest trees contains comparatively little. 

In preparing the salt on an extensive scale, the ashes are sub- 
jected to a process called lixivia tion : they are put into a large 
cask or tun, having, near the bottom, an aperture stopped by a 

S lug, and a quantity of water is added. After some hours the 
quid is drawn off, and more water added, that the whole of the 
soluble matter may be removed. The weakest solutions are poured 
upon fresh quantities of ash, in place of water. The solutions are 
then evaporated to dryness, and the residue is calcined, to removes a 
little brown organic matter : the product is the crude potash or 
pearlash of commerce, of which very large quantities are obtained 
from Kussia and America. This salt is very impure : it contains 
potassium silicate, sulphate, chloride, &c. 

The. purified potassium carbonate of jjharmacy is pi^pared from 
the crude article by adding an equal weight of cold water, agitat- 
ing and filtering : most of the foreign salts are, from their inferior 
degree of solubility, left behind. The solution is then boiled 
down to a very small bulk, and left to cool, when the car- 
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bonate separates in small crystals containing 2 molecules of water, 
K9C0-f.2H20 ; these are drained from the mother-liquor, and then 
dried in a stove. 

A still purer salt may be obtained by exposing to a red-heat 
purified cream of tartar (acid pota ium tartrate), and separating 
the carbonate by solution in water and crystallisation, or evapora- 
tion to dryness. 

Potassium carbonate is extremely deliquescent, and soluble in 
less than its own weight of water : the solution is highly alkaline 
to test-paper. It is insoluble in alcohol. By heat the water of 
crystallisation is driven off, and by a temperature of full ignition 
the salt is fused, but not otherwise changed. Tliis substance is 
largely used in the arts, and is a compound of great importance. 

Acid 'pot^issium carbonate^ Hydrogen and potassium carbonate^ or 
Monopofassic carbonate^ KHCO3; commonly called bicarbonate of 
potash. — Wlieii a stream of c.arbonic acid gas is passed through 
a cold solution of potiissium carbonate, the gas is rapidly absorbed, 
and a white, crystalline, less soluble substance separated, which 
is the acid salt. It is collected, pressed, rcdissolved in warm water, 
and the solution is left to crystallise. 

Acid potassium carbonate is much less soluble than the normal 
carbonate : it re((uircs for that purpose 4 parts of cold water. The 
solution is nearly neutral to test-paper, and has a mu(‘h milder 
taste than the normal salt. When boiled it gives off:‘ carbon 
dioxide. The crystals, which are large and beautiful, derive their 
form from a inonocliiiic prism: they are decomposed by heat, 
water and carbon dioxide being evolved, and normal carbonate 
left behind : 


'2KHCO3 = K2CO3 -f H2O + COg. 

Potassium Sulphatks. — Potassium forms a normal or neutral 
sulphate, two acid sulphates, and an anhydrosulphate. 

Normal potassium sulphate^ or Bipotassic sulphate^ K2SO4 ~ 
S02(0K)2 = K2O.SO3, is obUiined by neutralising the acid residue 
left m the retort when nitric acid is prepared, wdth crude potas- 
simn carbonate. The solution yields, on cooling, hard transparent 
crystals of the neutral sulphate, which may be re-dissolved in 
boiling water, and re-crystallised. 

Potassium sulphate is soluble in alwut 10 parts of cold, and in 
a much smaller quantity of boiling water : it has a bitter taste, 
and is neutnd to test-paper. The crystals are combinations of 
rhombic pyramids and prisms, much resembling those of quartz 
in figure and appearance : they are anhydrous, and’ decrepit ^e when 
suddenly heated, which is often the case with salts containing no 
water of crystallisation. They ai*e quite insoluble in alcohol. 

Acid potassium sulphate^ Hydrogen and potassium sulphate^ or 
Monopotassic sulphate^ KIIS04 = S02(0K)(0II), commonly called 
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bisulphate of potash. — To obtain this salt the neiitnil sulphate in 
powder is mixed with half its weight of oil of \ilriol, and the 
whole evaporated quite to dryness in a platinum vessel placed 
under a chimney : the fused salt is dissolved in hot water and left 
to crystHlIise. The crystals have the fig'ure of flattened rhonibic 
prisins, and are much more soluble than the neutral S 4 xlt, rer]|^iiiring 
only twice their weight of water at 15*5°, and less than half that 
quantity at KXf . The solution has a sour taste and strongly acid 
reaction. 

The anhydrosulphate^ K 2 SO 4 .SO 3 = KgO.SSO,, commonly 
called anhydrous bisulphate of potash^ is obtained by dissolving 
equal weights of the normal sulphate and oil of vitriol in a small 
quantity of warm distilled water, and leaving the solution to cool. 

The anhydrous sulphate crystallises out in long delicate needles, 
which if left for several days in the mother-liquor, disappear, and 
give place to crystals of the ordinary acid sulpliate above described. 
This salt is decomposed l)y a largp quantity of water. 

Potassium Sulphides. — Potassium heateil in sulphur vapour 
bums with great brilliancy. It unites with sulphur in five dif- 
ferent proportions, forming the compounds KgS^, 

KgS^; also a suljjhydrate, KHS. 

Monosulphide^ KoS. — It is doubtful whether this compound has 
been obtained in the pure state. It is commonly said to be pro- 
duced by heating potassium sulphate in a current of dry hydro- 
gen, or by igniting the same salt in a covered vessel with finely* 
divided charc(;al ; but, according to Bauer, one of the higher sul- 
phides is always formed at the same time, together with oxide of 
potassium. The product has a reddish-yellow colour, is deliques- 
cent, and acts as a wiustic on the skin. Wlien potassium sulphate 
is heated in a covered crucible with excess of lamp-black, a mix- 
ture of potassium sulphide and finely divided carbon is obtained, 
which bikes fire spontaneously on coming in contact with the air. 
The moiiosulpliide might perhaps be obtained pure by heating 
1 molecule of potassium sulphydrate, KHS, with 1 atom of the 
metal. 

When sulphydric acid gas is passed to saturation into a solu- 
tion of caustic potash, a solution of the sulphydrate is obtained, 
which is colouness at first, but if exposed to the air, quickly 
absorbs oxygen, and turns yellow, in consequence of the formation 
of bisulphide ; 

2KHS + O = K 2 S 2 -f 11,0. 


If a iplution of potash be divided into two parts, one half satur- 
ated with hydrogen sulphide, and then mixed with the other, a 
solution is formed which may contain jxotassium monosul- 
phide : 

KHS 4- KHO = KgS + H 2 O. 
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But it is also possible that the hydrate and the sulphydrate may 
mix without mutual decomposition. The solution when mixed 
with one of the stronger acids, gives off hydrogen sulphide 
without deposition of sulphur, a rea tiou which is consistent with 
either view of its constitution. ' 

The bi^lphidcj KgSg, is fonned, as already observed, on exposing 
a solution of the sulphydrate to the air till it begins to show 
turbidity. By evaporation in a vacuum, it is obtained as an 
orange-coloured, easily fusible substance. 

' The tristUphide^ K 2 S 3 , is obtained by passing the vapour of car- 
bon bisulphide over ignited potassium carbonate, as long as gas 
continues to escape : 

2 K 2 CO 3 + 3 CS 2 = 2 K 2 S 3 4CO + CO 2 . 

Also, together with potassium suljdiate, forming one of the mix- 
tures called liver of sulphur^ by melting 552 parts (4 molecules) of 
potassium carbonate with 320 parts (10 atoms) of sulphur : 

4K2CO3 + Sio - K2SO4 + 3K2S3 + 4CO2. 

The tetrasulphidey K 2 S 4 , is formed by reducing potassium sulphate 
with the vapour of carbon bisulphide. 

The penkmdphide, K 2 S 3 , is formed by boiling a solution of any 
of the preceding sulphides with excess of sulphur till it is 
saturated, or by fusing either of them in the dry state with sul- 

S hur. The excess of sul])hur then separates and floats above the 
ark brown pentasulphide. 

Liver ofsul 2 )hur, or liepar sulphurise is a name given to a brownish 
substance, sometimes used in medicine, made by fusing together 
difterent proportions of potassium carbonate and sulphur. It is a 
variable mixture of the two higher sulphides with thiosulphate 
and sulphate of potassium. 

When equal parts of sulphur and dry potassium carbonate are 
melted together at a temperature not exceeding 250°, the decom- 
position of the salt is quite comidete, and all the carbon dioxide is 
expelled. The fused mass dissolves in water, with the exception 
of a little mechanically mixed sulphur, with dark-bro>vn colour, 
and the solution is found to contain nothing besides pentasulphide 
and thiosulphate of potassium : 

3K2O + S12 = 2X38^ -f K2S2O3. 

When the mixture has been exposed to a temperature approach- 
ing that of ignition, it is found, on the contrary, to contain potas- 
sium sulphate, arising from tlie decomposition of the thiosulphate 
which then occxirs : 

4K2S2O3 = K2S3 + 3K2SO4. 
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From t)oth these mixtures the potassium pentasulphide may be 
extracted by alcohol, in which it di^olves, 

, * When the carbonate is fused with half its weight of sulphur 
only, the trisulphide is produce<l, as above indicated, instead of 
the pentasulphide. 

The effects described happen in the same manner when potassium 
hydrate is substituted for the carbonate; also, when a solution of 
the hydrate is boiled with sulphur, a mixture of sulpliide and 
thiosulphate always results. 


Potassium-salts are colourless when not associated with a 
coloured metallic oxide or acid. They are all more or less 
soluble in water, and may I^e distingiiished by the following 
characters : — 

(1.) Solution of tartaric acid, added in excess to a moderately 
strong solution of potassium-salt, gives, after some time, a wnite 
crystalline juecipitate of cream of tartar; the effect is greatly 
promoted by strong agitation. 

(2.) Solution oiplatinic chloride, with a little hydrochloric acid, 
if necessary, gives, under similar circumstances, a crystiilline 
yellow precipitate, which is a double salt of platinum tetrachloiide 
and potassium chloride. Both this compound and cream of tartar 
are, however, soluble in about 60 parts oi cold w ater.* An addition 
of alcohol increases the delicacy of both tests. 

(3.) Perchloric acid, and silicojluoric acid, give rise to slightly 
.soluble w’'hite precipitates when added to a polassium-salt. 

(4.) Potassium salts usually colour the outer blow-pipe flame 
purple or violet ; this reaction is clearly perceptible only when the 
potassium salts are pure. 

(5.) The spectral phenomena exhibited by potassium compounds 
are mentioned at page 69. 


SODIUM. 

Atomic weight, 23 ; symbol, Na (Natrium). t 

Sodium is a very almndant element, and very widely diffused. It 
occurs in large quantities as chloride, in rock-salt, sea- water, salt- 
springs, and many other mineral waters ; more rarely as carbonate, 
borate, and sulphate, in solution or in the solid state, and as silicate 
in many minerals. 

Metallic sodium was obtained by Davy soon after the discovery 
of potassium, and by similar means. Gay-Lussac and Thdnard 
afterwards prepared it by decomposing sodium hydrate with / 
metallic iron at a white heat ; and Brunner showed that it may be ' ^ 
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prepared with much greater facility distilling a mixture of 
sodium carbonate a?id charcoal. 

The preparation of sodium by this last-mentioned process is 
much easier than that of potassium, lot being complicated, or 
only to a slight extent by the forinai ^on of secondary products. 
Within the last few years it has been considerably improved by 
Deville and others, and carried out on the manufacturing senile, 
sodium being now employed in considerable quantity as a reducing 
agent, especially in the manufacture of aluminium and magnesium, 
and in the silver amalgamation process. 

The sodium carbonate used for the preparation is prepared by 
calcining the crystallised neutral carbonate. It must be thorougbly 
dried, then pounded, and mixed with a slight excess of pounded 
charcoal or coal. An inactive suhstaiice, viz., pounded chalk, is 
also a ulod to keep the mixture in a pasty condition during the 
operation, and prevent the fused sodium carbonate from separating 
from the cliarcoal. The following are the proportions recom- 
mended hy Deville : — 

For Laboratory Operations, For Manufacturing Ojicraiions, 

Dry sodium carbonate, 717 parts Dry sodium carbonate, 30 kilogr. 
Charcoal, . , 175 ,, Coal, . . . 13 ,, 

Chalk, ... 108 „ Chalk, ... 3 „ 

These materials must be very intimately mixed by pounding 
and sifting, and it is advantageous to calcine the mixture before 
introducing it into the distilling apparatus, provided the calcina- 
tion can be effected by the waste heat of a furnace ; the mixture is 
thereby rendered more compact, so that a much larger quantity 
can be introduced into a vessel of given size. 

The distillation is periormed, on the laboratory scale, in a mer- 
cury bottle heated exactly in the manner described for the pre- 
paration of potassium. For manufacturing operations, the mixture 
IS introduced into iron cylinders, which are heated in a reverbera- 
tory furnace, and so arranged that, at the end of the distillation, 
the exhausted charge may be withdrawn and a fresh charge intro- 
duced, without displacing the cylinders or putting out the fire. 
The o'eceivers used in either case are the same in form and 
dimensions as those employed in the preparation of potassium 
(p. 317). 

When the process goes on w^ell, the sodium collected in the 
receivers is nearly pure ; it may he completely purified by melting 
it under a thin layer of naphtha. This liquid is decanted as soon 
as the sodium becomes perfectly fluid, and the metal is run into 
moulds like those used for casting lead or zinc. 

Sodium is a silver-white metal, greatly resembling potassium 
ill every respect. Its specific gravity is 0-972. It is soft at com- 
mon temperatures, melts at 97*6'^, and oxidises very rapidly in the 
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air. When ]^laced on the surface of cold water, it decomposes 
that liquid with great violence, but seldom takes fii^ unle^ the 
motions of the fragment are restrained, and its rapid cooling is 
diminished by adding gum or starch to the water. With not 
water it takes fire at once, burning with a bright yellow flame, 
and producing a solution of soda. 

Sodium Chloride ; Common Salt, NaCl. — This very important 
substance is found in many parts of the world in solid beds or 
irregular strata of immense thickness, as in Cheshire, Sj>ain, 
Galicia, and many other localities. An inexhaustible supply 
exists also in the waters of tlie ocean, and large quantities are 
obtained from saline springs. 

Rock-salt is almost always too impure for use. If no natural 
brine-spring exists, an artificial one is formed by sinking a shaft 
into the rock-salt, and, if necessary, introducing water. This 
when saturated is pumped up, and evaporated more or less rapidly 
in large iron pans. As the salt separates, it is removed from the 
bottom of the vessel by means of a scoop, pressed while still moist 
into moulds, and then transferred to the drying-stove. When 
large crystals are required, as for the coarse-grained hay-salt 
used in curing provisions, the evaporation is slowly conducted. 
Common salt is apt to be contaminated with magnesium 
chloride. 

Sodium chloride, when pure, is not deliquescent in moderately 
dry air. It crystallises in anhydrous cubes, which are often 
grouped together into pyramids, or steps. It requires about 2^ 
parts of water at 60° F. for solution, and its solubility is not sen- 
sibly increased by heat ; it dissolves to some extent in spirit of 
wine, but is nearly insoluble in absolute alcohol. It melts at a 
red heat, and is volatile at a still higher temperature. The econo- 
mical uses of common salt are well known. 

The iodida and bromide of sodium much resemble the correspond- 
ing potassium-compounds : they crystallise in cubes, which are 
anhydrous, and very soluble in water. 

Sodium Oxides. — Sodium forms a monoxide and a dioxide ; 
also a hydrate con^espondiug to the former. 

Sodium Monoxide^ or Anhydrous Soda^ Na20, is produced, toge- 
ther with the dioxide, when sodium burns in the air, and may oe 
obtained pure by exposing the dioxide to a very high temperature ; 
or by heating sotlium hydrate with an equivalent quantity of 
sodium : 2NaHO -+- Nao == 2Na20 -f- Hg. It is a grey mass, which 
melts at a red heat, ana volatilises with difficulty. 

Sodium Hydrate^ or Caustic Soda^ NaHO, or Na20.H20. — This 
substance is prepared by decomposing a somewhat dilute solution 
of sodium carbonate with calcium hydrate : the description of the 
process employed in the case of potassium hydrate, and the pre- 
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cautions necessary, apply word for word to that of sodium 
hydrate. 

The solid hydrate is a white fusible substance, very similar in 
properties to potassium hydrate. It ^ deliquescent, but dries up 
again after a time in consequence of th» absorption of carbonic acid. 
The solution is highly alkaline, and a powerful solvent for animal 
matter : it is used in large quantity for making soap. 

The strength of a solution of caustic soda may be roughly 
detennined from a knowledge of its density, by the aid of the 
following table drawn up by Dalton : — 


TABLE OF PERCENTAGE OF ANHYDROUS SODA, NSgO, IN SOLUTIONS 
OP DIFFERENT DENSITY. 


Density. 


Percentafre of 
anhydrous wda. 

Density. 

Percentage of 
anhydrous soda. 

2-00 


77*8 

1*40 

29*0 

1 *85 . 


63*6 

1*36 

26*0 

172 


53*8 

1*32 

23*0 

1-63 


46*6 

1*29 

19*0 

1 *55 


41*2 

1*23 

16*0 

1*50 


36*8 i 

1*18 

13*0 

1-47 . 


34*0 i 

1*12 

9*0 

l-4l . 


31*0 

1*06 

4-7 


Sodium Dioxide^ Na202. — Sodium when heated to about 200^ 
in a current of dry air absorbs oxygen, and is converted into dioxide ; 
tliis substance is white, but becomes yellow when heated, which 
tint it again loses on cooling. It dissolves in water without 
decomposition : the solution may be evaporated under the receiver 
of the air-pump, and, when sufficiently concentrated, deposits 
crystalline plates having the composition Na20.8H20. These 
crystals left to effloresce over oil of vitriol for nine days lose 
three-fourths of their water, and yield another hydrate con- 
taining Na20.2H20, The aqueous solution of sodium dioxide 
when heated on the water-bath, is decomi)Osed into oxygen and 
the monoxide. 

Sodium Nitrate, NaNOa. — salt, sometimes called Cubw 
Nitrey or Chile Saltj>etre, occurs native, and in enormous quantity, 
at Tarapaca in Northern Peru, where it forms a regidar bed, of 
great extent, along with gypsum, common salt, and remains of recent 
shells. The pure salt commonly crystallises in rhombohedrons, 
resembling those of calcareous spar. It is deliquescent, and very 
soluble in water. Sodium nitrate is employed for making nitric 
acid, but cannot be used for gunpowder, as the mixture bums too 
slowly, and becomes damp in the air. It has been lately used with 
some success in agriculture as a superficial manure or top-dressing ; 
also for preparing potassium nitrate (p. 321). 

Sodium Carbonates. — The Neutral or Disodic Carbonate, 
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Nlfc20O3.10HaO, was once exclusively obtained from the ashes of 
sea-weras, and of jplanis, such as the Salsola soda^ which grow by 
the sea-fidde, or, being cultivated in suitable localities for the pnx- 
pose, are afterwards subjected to incineration. The barilla^ stUl 
employed to a small extent in soap-making, is thus produced in 
several places on the coast of Spain, as Alicante, Carthagena, &c. 
That made in Brittany is called mrec. 

Sodium carbonate is now manufactured on a stupendous scale 
from common salt by a series of processes which may be divided 
into two stages ^ — 

(1.) Manufacture of sodium sulphate, or salt-ca^e, from sodium 
chloride (common salt) ; this is called the sall-Ciike process. 

(2.) Manufacture of sodium carbonate, or soda-ash ; called the 
sola-ash process. 

(1.) Salt-cake process , — This process consists in the decomposition 
of common salt by sulphuric acid, and is effected in a furnace 
called the Salt-cake funmce^ of which fig. 136 represents a section. 


yig, 136 . 



It consists of a large covered iron pan, placed in the centre, and 
heated by a fire underneath ; and two roasters, or reverberatory 
furnaces, placed one at each end, and on the hearths of which the 
salt is completely decomposed. The charge of half a ton of salt is 
first placed in the iron pan, and then the requisite quantity of 
sulphuric acid is allowed to pass in upon it. Hydrochloric acid is 
evolved, and escapes through a flue, with the products of combus- 
tion, into towers or scrubbers, filled with coke and bricks 
moistened with a stream of water ; the acid vapours are thus 
condensed, and the smoke and heated air pass up the chinmey. 
After the mixture of salt and acid has been heated in the iron pan, 
it becomes converted into a solid mass of acid sodium sulphate 
and undecomposed sodium chloride : — 

2NaCl + H2SO4 = NaCl + NaHS04 + HCl. 

It is then raked on to the hearths of the furnaces at each side of 
the decomposing pan, where the flame and heated air of the lire 
complete the decomposition into neutral sodium sulphate and 
sulphuric acid : — 

NaCl + NaHS04 “ NogSO^ -f HCl. 

(2.) Soda-ash process . — The sulphate is next reduced to powder, 
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and mixed with an equal weight of chalk or limestone, and half as 
much small coal, both ground or crushed. The mixture is thrown 
into a leverberatory furnace, and heated to fusion, with constant 
* stirring. 2 cwts. are about the quantity operated on at once. 
When the decomposition is judged complete, the melted matter is 
raked from the furnace into an iron trough, where it is allowed to 
cool. This crude product, called hldck <ish, or hall-soda^ is broken 
up into little pieces, when cold, and lixiviated with cold or tepid 
water. The solution is evaporated to dryness, and the salt cal- 
cined with a little sawdust in a suitable furnace. The product is 
the soda-ashy or British alkali of commerce, which, when of good 
quality, contains from 48 to 52 per cent, of anhydrous soda, Na^O, 
partly t-lie state of carbonate, and partly as hydrate, the re- 
mainder being chiefly sodium sulphate and common salt, with 
occasional traces of sulphite or thiosulphate, and also cyanide of 
sodium. By dissolving soda-ash in hot water, filtering the solu- 
tion, and then allowing it to cool slowly, the carbonate is deposited 
in large transparent crystals. 

The reaction which takes place in the calcination of the sul- 
phate with chalk and coal-dust seems to consist, first, in the con- 
version of the sodium sulphate into sulphide by the aid of the 
combustible iriatter, and, secondly, in the interchange of elements 
between that substance and the calcium carbonate : ^ 

NagS 4- CaCO^ = CaS + NagCOg . 

Other processes have been proposed, and even carried into execu- 
tion ; but the above, which was originally proposed by Leblanc, 
is found most advantageous. 

The ordinary crystals of sodium carbonate contain ten molecules 
of water; but by particular management the same salt may be 
obtained w ith fifteen, nine, seven, molecules, or sometimes wdth 
only one. The common form of the crystals is derived from an 
oblique rhombic prism ; they effloresce in dry air, and crumble to 
a white powder. Heated, they fuse in their water of crystallisa- 
tion : when the latter has been expelled, and the dry salt exposed 
to a full red heat, it melts without undergoing change. The com- 
mon crystals dissjolve in two parts of cold, and in less than their 
own weight of boiling water : the solution has a strong, disagree- 
able, alkaline taste, and a powerfully alkaline reaction. 

Hydrogen and Sodium UarhonatBy Hydrosodic Carbo^iatej Mono- 
sodic Carbonate, Acid Sodium Carbonate, NaHCOg or Na 2 C 03 .H 2 C 03 , 
commonly called Bicarbonate of soda. — This salt is prejmred by 
passing carbonic acid gas into a cold solution of the neutral car- 
bonate, or by placing the ciystals in an atmosphere of the gas, 
which is rapidly absorbed, while the crystals lose the greater part 
of their water, and pass into the new compound. 

Monosodic carbonate, prepared by either process, is a crystalline 
white powder, which cannot be re-dissolved in wantn water with- 
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out partial decomp^Uon* \i tequirea 10 parts of water at IS-S"" 
for solutiott : tlie uquid is feebly alkaUne to test-paper, and has a 
much milder taste than that of the simple carbonate- It does not 
precipitate a solution of mamesia. By exposure to heat, the salt ^ 
18 converted into neutral carmnate- 

Dihydro-tetrasodic Carbonate^ Na4H2(C03)3-2H20. — This salt, 
commonly called sesquicarbonate of soduy may be i*egarded as a 
compound of the neutral and acid salts just described (Na2C03. 
2NaUC03). It occurs native on the banks of the soda lakes of 
Sokenna. near Fezzan, in Afric^ where it is called trona; also as 
uraOy at the bottom of a lake in Maracaibo, South America, It 
is produced artificially, tliough with some difficulty, by mixing 
the mouosodic and disodic carbonates in the proportions above 
indicated, melting them together, drying, and exposing the dried 
mass ill a cellar for some weeks ; it then absorbs water, becomes 
crystalline, and contains spaces filled with the tetrasodic car- 
bonate. 

Sodium and Potassium GarbrniatCy NaKC03.6H20, separates in 
monoclinic crystals from a solution containing the" two carbonates 
in equivalent proportions. 

A mixture of these two carbonates in equivalent proportions 
melts at a much lower heat than either of the salts separately ; 
such a mixture is very useful in the fusion of silicates, &c. 


Alkalimetry. — Analysis of Alkaline Hydrates and Carbonates. 

The amount of alkali or alkaline carbonate in commercial potash, 
soda, or ammonia, is estimated by determining the quantity of 
an acid of given strength required to neutralise a given weight of 
the sample. The estimation depends upon the facts that the 
alkaline salts of strong acids (sulphuric, oxalic, &c.) are neutral to 
litmus; and that the violet solution of litmus is coloured blue by 
caustic alkalis or alkaline carbonates, wine-red by carbonic acid, 
and light red by strong acids, 

The first step is the preparation of the standard acid. It is best 
to make this liquid of such strength that 1000 cubic centimeters 
(1 litre) shall contain exactly one J yram-molecule (i.e.j 1 molecule 
expressed in ^ gramsj of the acid. 

About 70 grams of concentrated sulphuric acid are diluted with 
about 600 grams of water ; when the mixture is cool, the volume 
of it necessary to saturate 5*3 grams (one ^-decigram-molecule) of 
pure anhydrous sodium carbonate, Na^COa, is determined.* For 
this purpose 5*3 grams of freshly ignited sodium carbonate are 
dissolved in hot water, the solution coloured blue with a few drops 
of litmus, and the acid ^ded from a burette or alkalimeter (p. 336), 
at last drop by drop, till the colour just passes from wine-red to 

* Tlie molecule of soffiiim carbonate, NuaCOg, weighs 2 . 23+12+3 . 16=106. 
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light red, and till strips of litmns-paper, moistened with the solu- 
tion, begin to retain the colour when dry. The volume of acid 
employed is then noted, and the whole diluted so as to approximate 
to the required strength. Suppose, for instance, 37 cubic centi- 
meters of acid have been used : water is then added till every 100 
volumes is diluted to 250 volumes, aud another determination is 
made. If 90 cubic centimeters are now required to saturate the 
l^decigram alkaline solution, every 90 volumes of the acid must 
be diluted to 100 , and the result controlled by a fresh determina- 
tion ; 100 cubic centimeters of this acid should exactly saturate 
5*3 grams of sodium carbonate, and will contain 1 half-decigram- 
molecule of acid ; 2 cubic centimeters will therefore contain 1 milli- 
gram-molecule (0’098 gram),* and will saturate 2 milligram- 
molecules of an alkali (KHO or NaHOb or 1 milligram-molecule 
of an a'kciliue carbonate (K 2 CO 3 or NagCOg). 

To estimate the proportion of alkali in a commercial sample, a 
weighed portion of the subst ance is dissolved in water (if a solid) ; 
a few drops of litmus are added ; the standard acid is added from a 
burette, until the first permanent appearance of a light red colour ; 
and. the volume of acid employed is read off. Each cubic centi- 
meter of acid corresponds to 1 milligram-molecule of alkali, or 
1 half-iuilligram-iuolecule of alkaline carbonate ; i.e., to 0*053 gram 
sodium carbonate, Na 2 C 03 , 0*069 gram potassium carbonate, 
KgCOg, 0*040 gram caustic soda, NaHO, 0 05() gram caustic potash, 
KHO, and 0*017 gram ammonia, Nllg ; and a simple proportion 
gives the amount of alkali or alkaline carbonate jpresent (e.gr., 
100 : 6*9 : : number of cubic centimeters employed: potassium 
carbonate present). By operating on 100 times the i-milHgrani- 
molecule (e,g.^ 6*9 grams in the case of potassium carbonate, 5*3 
grams in trie case of sodium carbonate) all calculation is saved : for 
as this amount, if present, would require 100 cubic centimeters of 
acid for its saturation, the number of cubic centimeters actually 
required at once indicates the percentage of alkaline carbonate. 
The burettes commonly used contain 50 cubic centimeters, and are 
graduated into half cubic centimeters ; so that by operating on 50 
times the i-milligram-molecule, the number of divisions employed 
indicates the percentage. 

Sometimes, inst^ead of exactly neutralising the alkali with the 
standard acid, it is better to add the acid till the litmus assumes a 
distinct light red colour, then heat the solution to' boiling, and add 
a small excess (5 to 10 cubic centimeters) of acid. The hoi solu- 
tion is freed from carbonic acid by agitation and by drawing air 
through it with a glass tube ; and then neutralised with a standard 
solution of caustic soda (100 cubic centimeters of which exactly 
saturate 100 cubic centimeters of the standard acid) till the colour 
just changes from red to blue. Since the acid and alkaline solu- 
tions neutralise each other volume for volume, it is only necessary 

* The molecular weight of sulphuric acid, HgSO^, is 98 = 2 + 32 + 4 . Id. 
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to deduct the number of cubic centimeters employed of the latter 
from that of the former, and calculate the amount of alkali from 
the residue. This method, called the indirect or residiuil method^ 
is piieferable to the direct method previously described for the 
analysis of carbonates, since the change from blue to red is more 
distinctly marked than that from one shade of red to another. 

The standard solution of caustic soda must be kept in a flask, 
into the cork of which is inserted a calcium chloride tube filled 


with a mixture of sodium sulphate and quicklime, which effec- 
tually prevents the absorption of carbonic acid. If the burette be 
closed with a similar tube, the soda solution may remain in it for 
days. 


The ‘^alkalimeter” or ^‘burette” is a glass tube (fig. 137) closed 
at one end, and moulded into a spout or lip at the 
Fiff. 137. other, and marked with any convenient scale of equal 
parts, generally, as above mentioned, into 100 half 
jj 0 cubic centimeters.* A strip of paper is pasted on the 

f tube and sutlered to dry, after which the instrument is 

i »«» graduated by counterpoising it. in a nearly uy)right 

I position in t.he pan of a balance of moderate delicacy, 

f « and weighing into it, in succession, 5, 10, 15, 20, c&c., 

^ grams of distilled water at 4° C. until the whole quan- 

tity, amounting to 50 grams (50 cubic centimeters), 
I ^ has been introduced, the level of the water in the tube 

1 ^ being, after each addition, carefully marked with a pen 

I SQ upon the strip of paper, while the tube is held quite 

f upright, and the mark made between the top and 

I CO ' bottom of the curve formed by the surface of the water. 
I The smaller divisions of the scale, of a half cubic centi- 

^ meter each, may then he made hy dividing with com- 

I passes each of t he spaces int.o ten equal parts. When 

I the graduation i.s complete, and the operat.or is satisfied 

f with its accuracy, the marks may l>e transferred to the 

i ' tube itself by a sharp flle, and the paper removed by 

'fiJnp a little warm water. The numbers are scratched on 


the glass with the hard end of the same file, or with a 
diamond. Or tlie glass is covered with etching wax, the scale 
traced upon it with a flue needle point, and the mark.s etched by 
exposing the tube to the vapour of hydrofluoric acid. 

The alkalimeter, represented in fig. 137, is the simplest form of 
this instrument. The pouring out of minute quantities is, how- 
ever, greatly facilitated by providing the measure with a narrow 
dropping tube, fig. 138, the lower extremity of which is soldered 
into the measure, whilst the upj>er one is bent outward and 
sharply cut off. This kind of burette, which is known as Gay- 


* It may also be divided into 1000 grain-measures, the grain-measure 
being the capacity of a grain of distilled water at 60® F. ; 70,000 such 
measures go to an imperial gallon, and 8750 to a pint. 
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Luasac^s, is chiefly used in France. The liquid may be very con- 
veniently poured from it ; but it is rather easily broken, so that 

Fiff 138. Fig. 139. Fig. 140. 




its manipulation requires a ^ood deal of care. This defect is 
^eatly obviated in the burette, fig. 139, in wliich the graduated 
tube is provided with a syioui at the top, there being at the same 
time an orifice for pouring in the liquid. 

A very elegant instrument has bi*en contrived by Ur. Mohr of 
Coblentz. It is a graduated tube, drawn out 
at one end to a point, to which is attached, by 
means of a naiTow vulcanised caoutchouc 
tube, a short glass tul)e, likewise draw n out 
to a point (fig, 140). There is admail space 
(about J inch) between the two tubes, upon 
which is fi^ed a metallic clamp, a, represented 
in its actual dimensions in fig. 141. This 
clamp shuts off the connection betw^een the 
graduated cylinder and the small glass tube. 

But by pressing with the fingers upon the 
ends, b 6, of this clamp, it opens, and allow s 
the lh|uid to flow out of the loiver tube. It 
is evident that by this arrangement the 
amount of liquid may be regulated with the greatest nicely. 

It is often desirable, in the analysis of cartenates, to determim* 
directly the proportion of carbonic acid : the following metliod’j 
give very exact results ; — 

Y 


Fig. 141. 
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A small light glass flask of three or four ounces capacity, 
with lipped edge, is clioseii, and a cork 
titled to it. A piece of tube al)Out three 
inches long is drawn out at one extremity, 
and fitted, by means of a small cork and a 
bit of bent tube, to the cork of the flask. 
This tube is filled with fragments of calcium 
chloride, prevented from escaping by a little 
cotton at either end: the joints are secured 
by sealing wax. A short tube, closed at one 
extremity, and small enough t(j go into the 
flask, is also provided, and the apparatus ia 
complete. Fifty grains of the carbonate to be examined are care- 
fully weighed out and introduced into the flask, together with a 
little water; the small tube is then filled witli oil of vitriol, and 
])laced ill the flask in a nearly upright position, and leaning against 
its sides iii such a manner that the acid does not escape. The 
cork and calcium chloride tube are then adjusted, and the whole 
apparatus is accurately counterpoised on the ])a]aTice. This done, 
the flask is slightly inclined, so that the oil of vitriol may slowly 
mix with the other substances and decompose the (‘arbonate, the gas 
from which escapes in a dry state from the extremity of the tube. 
When the action has entirely ceased, the liejuid is heated iiiilil it 
boils, and the steam begins to ijondense in the drying tube ; it is 
then left to cool, and weighed, when the loss indicates tlie quantity 
of carbon dioxide. The acid must be in excess after the experi- 
ment. Wheii calcium carbonate is thus analysed, hydrochloric 
acid must he siibvsliluted for the sulphuric acid. 

Instead of the aliove apparatus, a neat arrangement may T)e used, 

which was first suggested by Will and 
Fig. 143, Fresenius. It consists of two small 

glass flasks, a and n, the latter being 
s(»mewhat smaller than the former. 
Each of the flasks is provided with a 
doubly ])erforated cork. A tube, open 
at both ends, but closed at- the upper 
extremity by means of a ^iiall quan- 
tity of wax, passes tlirougli the cork of 
A to the very bottom of the flask, 
whilst a second tube, reaching to the 
bottom of n, est-ablislies a communica- 
tion between the two flasks. The cork 
of B is provided, moreover, with a 
short tube, d, I n order to analyse a car- 
bonate, a suitable quantity (fifty grains) is put into a, together with 
some water, b is half filled with concentrated sulphuric acid, the 
apparatus tightly fitted and weighed. A small quantity of air is 
now sucked out of flask b by means of the tube whereby the 



Fig. 142. 
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air in a is likewise rarcfiexl. On allowing the air to return, a 
(juantity of the sulphuric acid ascends to the tube c, and flows ovei 
into flask a, causing a disengagement of carbon dioxide, Avhich 
escapes at d, after having been perfectly dried by passing through 
the hottle n. This operation is repf^atkl until the whole of the 
carbonate is decomposed, and the pro -.ess is terminated by opening 
the wax stopper, and drawing a quantity of air through the 
apparatus. '^Lrie apparatus is now re-weighe<l. The difference of 
the two weighings expresses the (quantity of carbon dioxide in the 
compound analysed. 

SonruM Sulphate, Na 2 SO 4 . 10 H 2 O, commonly called Glanhcr'a 
salt^ is a by-])roduct in several chemical operations and an inter- 
mediate product in tlie manufacture of the carbonate as above 
described : it may of course be prepared directly, if wanted pure, 
by adding dilute sulj)huric acid, to saturation, to a solution of 
sodium carbonate. It crystallises in forms derived from an oblique 
rhombic prism : the crystals contain 10 molecules c^f water, are 
eftloresceni, and undergo watery fusion wlien heated, like those 
of the carbonate : they are solul)l(‘ in twice their weight of cold 
water, and rapidly increase in solubility as the temperature of tlie 
liquid rises to 33°, at which point a maximum is reached, 100 
parts of water dissolving 117*9 parts of tlie salt, corres]>onding 
to 52 parts anhydrous sodium sulphate. When the salt is heated 
beyond this point, the solubility diminishes, and a ])orli(m of 
suiphate is deposited. A warm saturated solution, evaporated at 
a high temperature, deposits ojiaque prismatic crystals, which 
are anhydrous. The salt has a slightly bitter taste, and is 
purgative. Mineral springs sometimes contain it, as that at 
Cheltenham. 

Sodium a fid Hydrogen Sulphate^ or Avid Sodiutn Snlphaii% 
2 NaIIS 04 . 3 tI ^0 or Na 2 SO 4 .H 2 SO 4 . 3 H 2 O, commonly called bisuf- 
2 )li((te of soda, is prepared hy adding to 10 parts of the anhydrous 
neutral sulphate, 7 of oil of vitriol, evaporating the whole to 
dryness, and gently igniting. The acid sulphate is very soluble 
in water, and has an acid reaction. It is not deliquescent. When 
very strongly lieated, the fused salt gives up anhydrous sulphuric 
acid, and liecomes neutral sulphate; a change whicli necessarily 
supposes the jircvious foi*mation of an aiiliydro - bisulphate, 

Na2S04.S03. 

Sodium Hyposulphite, Na.,S 02 * — This salt is produced by the 
deoxidising action of zinc on the sulphite, Na 2 SO«. Its prejmra- 
tioTi has already been described (p. 204). It crystallises in needles 
soluble in water and in weak spirit, the solution exhibiting 
strong bleaching and reducing properties. The crystals, when 
exposed to the air in the moist state, rapidly become hot from 
oxidation, a property by which this salt is distinguished from the 
thiosulphate. 
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Sodium Thiosulphate, NOoSoOg, formerly called hyposulphite. 
This salt is formed from the sulphite, NagSOg, by addition of sul- 
phur. There are several modes of procuring it. One of the best 
is to form neutral sodium sulphite j by passing a stream of well- 
washed sulphurous oxide gas into a strong solution of sodium car- 
bonate, and then digesting the solution with sulphur at a gentle 
heat during several days. By careful evaf)oration at a moderate 
temperature, the salt is obtained in large regular crystals, which 
are very soluble in water. It is used in considerable quantities 
for photographic purposes, and as an antichlore. 

Sodium Phosphates. — The composition and chemical relations 
of these salts have already been explained in speaking of the 
basicity of acids (p. 310). 

Dlsodiohydric Phosphate^ or Disodic Orthophosphate; Common 
Tribasic Phosphate^ Na2HP04.12H20. — This sfilt is prepared by 
precipitating the acid calcium phosphate obtained in decompc*^ing 
bone-ash with sulphuric acid, with a slight excess of sodium car- 
bonate, and evaporating the clear liquid. It crystallises in oblique 
rhombic prisms, which are efflorescent. The crystals dissolve in 
4 parts of cold water, and undergo the aqueous fusion when heated. 
The salt is bitter and purgative; its solution is alkaline to test- 
paper. Crystals containing 7 molecules of water, and having a 
form different from that above mentioned, have been obtained. 

A trisod ic orthophosphate^ sometimes ooW^diSuhphosphate^ NagPO^ 
I2H2O, is obtained by adding a solution of caustic soda to the pre- 
ceding salt. The crystals are slender six-sided prisms, soluble in 
five parts of cold water. It is decomposed by acids, cA^en carbonic, 
init suffers no change by heat, except the loss of its water of crys- 
tallisation. Its solution is strongly alkaline. Monosodic ortho- 
phosphate^ NaH2p04.H20, often called superY>hosy)hate or bi phos- 
phate, may be obtained by adding phosphoric acid to the ordinary 
ph osphate, until it ceases to precipitate barium chloride, and expos- 
ing the concentrated solution to cold. The crystals are prismatic, 
very soluble, and have an acid reaction. When strongly heated, 
this salt becomes changed into monobasic sodium phosphate, or 
metaphosphate. 

Sodium^ Ammonium^ and Hydrogen Phosphate; Phosphorus Halt; 
Microcosmic Saltj Na(NH4)HP04.4H20. — Six yjarts of common 
sodium phosj)hatc are heated with parts of water, until the whole 
is lityuefied, and one part of powdered sal-ammoniac is added ; com- 
mon salt then se])arates, and may be removed by a filter; and from 
the solution, duly concentrated, the microcosmic salt is deposited 
in prismatic crystals, which may be purified by one or tAVo re-crys- 
tallisations. Micr(3i:osmic salt is very soluble. When gently 
lieated, it parts Avith its 4 molecules of crystallisation- water, and, 
at a higher temperature, the basic hydrogen is likeVise expelled 
as water, together with ammonia, and a very fusible compound, 
sodium metaphosphate, remains, which is valuable as a ilux iir 
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blow-jipe experinieiits. Microcosmic fialt occurs in decomposed 
urine. 

Tetrasodic Phosphate or Hodium Pyrojihosphatey Na 4 Pjj^y.l 0 H 2 O, 
is ])repared Ly stronj^ly heatinj^ common disodic orthoydiosphate, 
dissolving tlie residue in water, and re-crystallising. Tlie crystals 
are very brilliant, permanent in ^lie air, and less soluble 
than the original phosphate : their solution is alkaline, A 
sodiohydric pyrophosphate has been obtained; but it does not 
crystallise. 

Monosodic Phosphate or {Sodium Metajihos'phatCy NaPOg, is 
obtained by heating either the acid tribasic phosphate, or micro- 
cosmic salt. It is a transparent glassy suljstance, fusible at a dull 
red heat, delir|uescent, and very soluble in water. It refuses to 
crystallise, luit dries up into a guiu-like mass. 

If th"s glassy phosphate be cooled very slowly, it separates as a 
beautifully eaystalline mass. It may be purified by means of 
boiling water from the vitreous metaphosphate, Avhich will not 
crystallise. Another metaphos[)hate has l)een obtained, by adding 
sodium suljjhate to an excess of 2 )hosphoric acid, evaj>orating, and 
heating to u])wards of 315*^. Possibly these several metaphosiihates 
may be rei)resented by the formuhe KaPO.^, Na 2 P.>()ci 
Na^P^Og. 

The tribasic ])hos])hates, or ()rthoj)hosphates, give a bright yellow 
preeij^itato with solution of silver nitrate; the bibasic and mono- 
uasic j)hosphutes aflVjrd white 2 )recipitates with the same substance. 
The salts of the two latter classes, fused with excess of sodium 
carbonate, are converted into orthojdiosphate. 

Respecting the phosphates intermediate in comi)osition betw'een 
the irietaphos])hate and pyrojdiosphate of sodium, discovered by 
Fleitmann and Henneberg, see i)age 321. 

Sodium Borates. — The neutral borate or metaboratey NaBOg, or 
NagO.B^Og, is formed by fusing common borax and sodium car- 
bonate in equivalent pro 2 )ortions, and dissolving the mass in w^ater. 
It forms large crystals containing NaB 02.31120. 

The Anhydroboratey PiboratCy or BoraXy 2 NaB 02 .B 203 . 1()^0 = 
NaoO. 2 BjjO 3 . 10 H 2 O, occurs in the waters of certain lakes in Iriibet 
ancl Persia : it is imported in a crude state fr8m the East In<lies 
under the name of timial. When jnirified it constitutes the 
borax of commerce. Much borax is now, however, manufactured 
from the native boric acid of Tuscany, also fioiii a native calcium 
borate called hayesinoy which occurs in southeni Peru. Borax 
crystallises in six-sided prisms, wliich eflioresce in dry air, and 
require 20 parts of cold, and 6 of boiling water for solution. 
Exposed to heat, the 10 molecules of water of crystallisation are 
expelled, and at a higher temperature the salt fuses, and assumes 
a glassy appearance on cooling : in this state it is much used for 
blow-pipe experiments, the metallic oxides dissolving in it to trans- 
parent beads, many of which are distinguished by characteristic 
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colours. By particular management, crystals of borax can be* 
obtained with 5 molecules of water : they are very hard, and per- 
manent in the air. Borax, though by constitution an acid salt, 
has an alkaline reaction to test-paper. It is used in the arts for 
soldering metals, its action consisting in rendering the surfaces to 
be joined, metallic, by dissolving the oxides, and it sometimes 
enters into the composition of the glaze with which stoneware is 
covered. 

Sodium Sulphide, Na^S, is prepared in the same manner as 
potassium monosulphide ; it separates from a concentrated solution 
in octohedral crystals, which are rapidly decomposed by contact 
vdth the air into a mixture of sodium hydrate and thiosulphate. 
It forms double sulphur-salts with hyclrogen sulphide, carbon 
bisulphide, and other sulphur-acids. 

Sodium sul])hide is supposed to enter into the coni] position of 
the beautiful pigment ultramarine^ which is prepared from the 
lapis lazuli^ and is now imitated by artificial means. An intimate 
mixture of 37 kaolin, 15 sodium sulphate, 22 sodium carbonate, 
18 sulphur, and 8 charcoal, is heated from twenty-four to thirty 
hours ill large crucibles. The product thus obtained is again 
heated in cast-iron boxes at a moderate temperature till the 
required tint is obtained. After being finely pulverised, washed, 
and dried, it constitutes commercial ultramarine. The (*()m])Ositioii 
of this colour varies, and its true constitution is not known. 


There is no good i)reci}>iiant for sodium, all its salts being very 
soluble, with the exception of the metantimonate, which is pre- 
cipitated on mixing a solution of a sodium salt with a solution of 
j>otassium inetantimonate ; the use of this reagent is, how(iver, 
attended with some difficulties. The presence of soilium is often 
determined by negative evidence. The yellow^ colour imparted 
by sodiiuii salts to the outer flame of the blow-jnpe, and to com- 
bustil)le matter, is a character of considerable importance. The 
sj)ectral jihenoinona exhibited by sodium compounds are mentioned 
<»n x^age (59. 


AMMOITITJM. 

The ammonia salts are most conveniently studieil in this jdace, 
on account of their close analogy to those of potassium and sodium. 
These si^-lls are fornuHl by the direct union of ammonia, NH 3 , with 
acids, and as already pointed out (p. I 08 ), they may be regarded 
as compounds of acid radicals. Cl, NO^, SO., &c., with a basylous 
radical, NH^, called ammonium, which x>b\ys in these salts the 
same part as potassiimi and sodium in their resx>ective compounds ; 
thus ; — 
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NH3 

Ammonia. 

+ 

HCl 

Hydrochloric 

acid. 


NH4.CI 

Ammonium 

chloride. 

NH3 

+ 

HNO3 

Nitric 

acid. 


NHi.NOj 

Ammonium 

nitrate. 

NH3 

+ 

HgSOi 

Sulphuric 

acid. 


NH4.H.SO4 
Acid ammonium 
sulphate. 

2NH3 

+ 



(NH 4 ) 3 .S 04 . 
Neutral amnionium 


, , .sulphate^ 

The radical NH,j is not capable of existing in the free state, inas- 
much as it contains an nnev^en number of monad atoms ; it is simply 
the residue which is left on removing the atom of chlorine from 
the saturated molecule N'Il4Cl. Whether the doulde molecule 
NIJ4 

N^Hg, oj* I , haKS a sej)arate existence, is a different question. 

NH4 

Ammonium is said, indeed, to be cai>able of forming an amalgam 
with inercurv ; but even in this state it is quickly resolved into 
aiiimoiiia and fr(*.e hydrogen. 

When a globule of mercury is placed on a piece of moistened 
potassium hydrate, and connected with the negative side of a vol- 
taic battery of very mod(*rate power, tlie circuit being comjdeted 
through the platinum plate upon which the alkali rests, decom- 
position of the latter takes place, and an amalgtim of potassium is 
rapidly formed. If this experiment be now repeated with a jaece 
of sal-ammoniac instead of ])otassiuni hydrate, a soft, solid, metal- 
line mass is also produce<l, which has been called the ammoniacal 
amalgam^ and considered to contain ammonium in combination of 
mercury. A sim])ler method of preparing this compound is the 
following: A little mercury is put into a test-tube with a grain 
or two of potassium or sodium, and gentle heat applied; combina- 
tion ensiles, attended by heat and light. When cold, the fluid 
amalgam is put into a capsule, and covered with a strong solution 
of sal-aiumuniac. The jirod action of an anunoiiiacal amalgam 
instantly commences, the mercury increasing prodigiously in vol- 
ume, and hecoming quite pasty. The increase of weight is, how- 
ever, quite trifling; it varies from to pjtrt. Left to 
itself, the amalgam (juickly decomposes into fluid mercury, am- 
monia, and hydrogen. It is most probable, indeed, that the so-called 
amalgam may be nothing more than mercury which has absorbed 
a certain quantity of these gases ; just as silver, when healed to a 
very high tmuperature, is cat)able of taking up about twenty times 
its volume of oxygen gas, which it gives up again on cooling.* 

* See Watts’s Dictionary of Chemistry, Supplement, p. 718. 
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But whether ammoiuiini has any separate* existence or not, it 
is quite certain that many ainmoniaeal, salts are isoinorphous 
with those of pohissiuiu ; and if from any two of the eonv~ 
sponding salts, as the nitrates, KNO3 and I4H4NO3, we subtmet 
tne radical NO 3 common to the two, there remain the nieUiI K 
and the group NH^, which are, therefore, siipj) 08 ed to be isomor- 
phons. 

Ammonium Chloride, Sal-ammoniac, NH4CI or NH 3 .H(> 1 . — 
Sal-ammoniac was formerly obtained from Egypt, being extracted 
by sublimation from the soot of camels’ dung : it is now largely 
manufactured from the ammoniacal li(|uid of the gas-works, and 
from the condensed products of the distillation of bones, and other 
animal refuse, in the preparation of animal charcoal. 

These impure and highly offensive solutions are treated with a 
slight excess of hydrochloric acid, by which the free alkali is 
neutralised, and the carbonate and sulphide are decomposed, with 
evolution of carbonic acid and sulphuretted hydrogen gases. Tuo 
liquid is evaporated to dryness, and the salt carefully heated, to 
expel or decompose the tarry matter; it is then purified by subli- 
mation in large iron vessels lined with clay, surmounted with 
domes of lead. 

Sublimed sal-ammoniac has a fibrous texture ; it is tough and 
difficult to powder. 

When crystallised from water, it separates, under favourable 
circumstances, in distinct cubes or oclohedrons ; but the crystals 
are usually small, and aggregated together in rays. It has a sharp 
saline taste, and is soluble in 2 J parts of cold, and in a much smaller 
quantity of hot water. By heat, it is sublimed without decom- 
position. The crystals are anhydrous. Ammonium cliloiide fonns 
double salts with the chlorides of magnesium, nickel, cobalt, man- 
ganese, zinc, and copper. 

Ammonium Nitrate, (NIl4)N03, is easily prepared by adding 
jimmonium carbonate to slightly diluted nitric acid until neutral- 
isation has heen'reached. By slow evaporation at a moderate tem- 
perature it crystallises in six-sided prisms, like those of potassium 
nitrate ; but, as usually prepared for making nitrogen monoxide, 
by quick boiling until a portion solidifies completely on cooling, it 
forms a fibrous and indistinct crystalline mass. 

Ammonium nitrate dissolves in two parts of cold water, produc- 
ing considerable depression of temperature ; it is but feebly deli- 
quescent, and deflagrates like nitre on contact with heated com- 
bustible matter. Its decomposition by heat has been already 
explained (p; 153). 

Ammonium Sulphate, (NH 4 ) 2 S 04 . — Prepared by neutralising 
ammonium carbonate with sulphuric acid, or on a large scale, for 
use as a manure, by adding sulphuric acid in excess to the coal- 
gas liquor just mentioned, and purifying the product by suitable 
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means. It is soluble in 2 parts of cold water, and crystallises in 
long, flattened, six-sided J 3 risjns. It is entirely decoinposcd and 
driven off by ignition, and, even to a certain extent, by long 
boiling with water, ammonia being expelled and the liquid 
rendered acid. 

• 

Ammonium Cakbonates. — There r e three definite carbonates 
of ammonia, the composition of which are as follows : — 


Normal or diaymionic carbonate, 
Acid or ammonio-hydric curbonate, 
Half-acid, or teirammonio-dihydric 
carbonate, 


(NH,UX)3.H20 

\ (nh,),h,(co3)3.h,o. 


( 1 .) The normal carbonate is prepared by addition of ammonia 
to one of the acid salts, or of water to the carbamate of ammonia, 
CON 2 HQ (p. 347), with certain special precautions, the description 
of which is too long for insertion in this work, to prevent the escape 
of a portion of the ammonia. It crystallises in elongated plates 
or ffatteiied prisiiis, having a ciiustic taste, a powerful aminoniacal 
odour, and easily giving off ammonia and \vater, whereby they 
are converted into the acid carbonate : 

(NH4)2C03.H20 = NH3 + H2O + (NH4)HC03. 

( 2 .) Ammonium^ and Hydrogen Carbonate^ or Moivo-ammonic Car- 
bonate^ (NH 4 )HC 03 , commonly called Bicarbonate^ or Acid carbo- 
nate of ammonia, — This salt is obtained by saturating an aqueous 
solution of ammonia, or of the half-acid carbonate, with carbonic 
acid gas; or by treating the finely pounded half-aci<l carbonate with 
strong alcohol, which dissolves out nonnal or diammonic carbonate, 
leaving a residue of the mono-ammonic salt. Cold water may be 
used instead of alcohol for this purp( 3 se ; but it dissolves a larger 
(quantity of the mono-ammonic carbonate. All ammonium-carbo- 
nates when left to themselves are gradually converted into mono- 
ammonic carbonate. This salt forms large crystals belonging to 
the trimetric system. According to Deville it is dimorphous, but 
never isomoi*phous with monopotassic carbonate ; when exposed to 
the air, it volatilises slowly, and gives off a faint aminoniacal odour. 
It dissolves in 8 parts of cold water, the solution decomposing 
gradually at ordinary temperatures, (juickly when heated above 
30° with evolution of ammonia. It is insoluble in alcohol, but 
when exposed to the air, under alcohol, it dissolves as normal 
carbonate, evolving carbon dioxide. 

It has been found native in considerable quantity in the deposits 
.of guano on the western coast of Patagonia, in white crystalline 
masses having a strong ammoniacal odour. 

Tetrammonio-dihydric Carbonate^ N 4 HigC 309 = (NH,) 4 H 2 
( 003 ) 3 . — This salt, also called half acid carbonate^ or sesqui-carbonate 
of ammonia^ contains the elements of 1 molecule 01 diammonic 
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and 2 molecules of mono-ammonic carbonate, into which it is, in 
fact, resolved by treatment with water or alcohol i 

(NH4)4H,(C03)3 = (NH,)3C03 + 2(NH,)HC03.. 

It is obtained by dissolving the commercial carbonale in strong 
aquedus ammonia, at about 30^, and crystallising the solution. 
It forms large transparent rectangular jn’isins, having their sum- 
mits truncated by oclohedral fiices. These crystals decompose 
very rapidly in the air, giving off water and amiponia, and being 
converted into mono-ammonic carbonate. 
i Commercial carbonate of ammonia (sal volatile^ salt of harts- 
I honi) consists of hall-acid carbonate more or less mixed with car- 
I hamate. It is prepared on the lai^^e scale hythe dry distillation of 
j bonesy hartshorn, and other aniiiial matter, and is piiritie<l from 
adhering enipyrennintie oil by subliming it once or twice with 
animal charcoal in cast-iron vessels, over which glass receiv^em ar*^ 
inverted. Another method consists in heating to redness a mixture 
of 1 jwrt ammoriiiim chloride or sulphate, and two parts ealcjuju 
carbonate (<*halk), or potassium carbonate, in a retort to which a 
receiver is luted. 

An elaborate description of the carbonates of ammonia l^s been 
published by Dr Divers,* to whom is due the discovery of the 
normal ammonium carbonate. 

Ammonium Sulphides. — Several of these compounds exist, 
and may be formed by distilling with sal-ammoniac the correspond- 
ing sulphides of potassium or sodium. 

Ammonium and Hydrogen Sulphuh, or Ammonium Hulphydrafe, 
(NH 4 )HS, is a compound of great practical utility ; it is obtained 
by saturating a solution of ammonia with well-washed sulphurette<l 
hydrogen gas, until no more of the latter is absorbed. The solu- 
tion is nearly colourless at first, but becomes yellow after a time, 
without, however, suffering material injury, unless it has been 
exposed to the air. It gives jirecipitates with most midallic solu- 
tions, which are very often characteristic, and is of gi^eat service in 
anal^ical chemistry. 


Ammoniacal salts are easily recognised ; they are all decomposed 
or volatilised at a high temperature ; and when heated with ..cal- 
cium hydrate or solution of alkaline carbonate, they give, off 
ammotiia, which may be recognised by its odour and alkaline 
reaction. The salts are all more or less soluble ; the acid tartrate 
and the plaiinochloride being, however, among the least soluble : 
hence ammonium salts cannot l)e distinguished from potassium 
salts by the tests of tartaric acid and platinum solution. When a 
solution containing an ammoniacal salt, or free ammonia, is mixed 
with potash, and a solution of mercuric iodide in potassium iodide 
* Journal of the Chemical Society, 1870, pp. 171-279. 
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is added, a brown precipitate or coloration is immediately produced, 
consisting of dimercurammonium iodide, NHgg"! : 

NH3 + 2Hg"I, = NHg"2l + 3HL 

This is called Nessler’s test; it is by far the most delicate test ft)r 
ammonia that is known. 

Amic Acids and AmidPs. 

SuLPHAMic Acid. — When dry ammonia gas is passed over a 
thin layer of sulnhuric oxide, SOg, the gas is absorbed, and a white 
crystalline powder is formed, liaving the composition NgH^SOa, 
that is, of ammonium sulphate minus one molecule of water: — 

N,II,S03 = (NH4),S04 - H,o. 

It is not, however, a sidt of sulphuric acid: for its aqueous solu- 
tion does not give any j)recij)itate with i)aryta-water or soIuliJe 
barium salts. It is, in fact, the aniinonium salt of siiI})haTnic 
acid, an a<dd derived frmii sulphuric ac id, SO^FIg or 80^(110).^. 
by substitution of the univalent radical, NIL> (p.” 251), for oim 
atom of hydroxyl, HO. The formula of this acid is S03(N1^H, 
and tlSt of its ammonium salt, S03(NH.,)NH4, or 
Ammonium sulphaniate is permanent in tfje air, and dissolves 
without decomposition in water. Its solution evaporated in a 
vacuum, over oil of vitriol, yields the salt in transparent colour- 
less crystals. 

The solution of the ainnioniuin suit, mixed with baryla-water, 
gives off ammonia, and yields a solution of hariam sidphanmtt^ 
(SO3N H2)2Ba", whicli may be obtained by evaporation in w'^ell 
defined crystals ; and the solution of this salt, deconijiosed with 
potassium sulpliate, yields sviphamatey SOgNH^K. 

Carhamic Acid, — When dry ammonia gas is mixed with carbon 
dioxide, the mixture being kept cool, the gases combine in the 
proportion of 2 volumes of the former to 1 volume of the latter, 
forming a pungent, very volatile substance, which condenses in 
wTiite flocks. This substance has the composition COgNgHg, that 
is, of normal amiiioniinn carbonate, 003(^114)2, minus one mole- 
cule of water. It exists, as already observed, in commercial car- 
bonate of ammonia (p. 346). It w^as formerly called anhijdrous 
carhomite of ammonia; but, like the iweceding salt, is not really a 
carbonate, but the ammonium siilt of car b amic acid, COo(NH2)H, 
an acid derived from carbonic acid, COgHj, or CO(OH).>, by substi- 
tution of aniidogen, NHL, for 1 atom of hydroxyl. Animomum 
carbamate dissolves readily in water, and quickly takes up one 
molecule of that compound, whereby it is converted into noiinal 
ammonium carbonate. When treated with sulphuric oxide, it is 
converted into ammonium sulphaniate. 

Carbamide, CON 2 H 4 . — When ammonia gas is mixed with 
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carbon oxychloride or phosgene gas, COClg, a white ciystalline 
powder is fonned, having this composition : — 

COClg + 2NH3 = 2HC1 + CON2H4. 

This compound, which is likewise fonned in other reactions to be 
afterwards considered, is derived from carbonic acid, CO(OH^2> 
substitution of 2 atoms of amidogen for 2 aloms of hydroxyl. It 
differs from carbamic acid in being a neutral substance, not con- 
taining any hydrogen easily replaceable by metals. 

Other bibasic acids likewise yield an amic acid and a neutral 
amide by substitution of 1 or 2 atoms of amidogen for liydnjxyl. 
Tribasic acids yield in like manner two amic acids and one neutml 
amide, and tetrabasic acids may yield three amic acids and a neutral 
amide ; thus, from pyrophosphoric acid, P2O7H4 = P203(H0)4, 
are obtained the three amic acids P206(NH2)H3, P205(NH2)2H. 
and P204(NH2)3H. 

Monobasic acids, which contain but one atom of hydri)xyl, yield 
hy this mode of substitution only neutral amides, no amic acids: 
tJ2i2s, from acetic acid, = CLIf.O.HO, is obtained aceta- 

mide, 

The neutral amides may also be regarded as derivi‘d fi^n one 
or more molecules of ammonia, by substitution of univalent or 
multivalent acid radicids, for hydrogen : thus, acetamide = 
N'"H2(C2H30); airbamide N^H^CO)", &c. 

By similar substitution of metals, or basylous compound radicals 
for the hydrogen of ammonia, basic compounds, called amines, 
are formed. Thus, when potassium is gently heated in ammonia 
gas, monojyotassamiiie, NH2K, is formed. It is an olive-green sub- 
stance, which is decomposed by water into ammonia and jjotus- 
sium hydrate : — 

NH2K + H2O = NH3 + KHO. 

It melts at a little below and when heated in a close vessel, 
is resolved into ammonia and tripotassamine : — 

3NH2K = 2NH3 + NK3. 

The latter effervesces violently with water, yielding ammonia and 
potassium hydrate : — 

NK3 + 3H2O = NH3 + 3KHO. 

The formation and properties of amides and amines will be 
further considered under Organic Chemistry. 

Met ALL AMMONIUMS. — These are hypothetical radicals derived 
from ammonium, NgHg, by substitution of metals for hydrogen. 
Salts of such radicals are formed in several ways. Ammonia gas 
is absorbed by various metallic salts in different proportions, form- 
ing compounds, some of which may he formulated as salts of metal- 
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lammoniums. Thus, platinum dichloride, PtCL, absorbs two mole- 
cules of ammonia, platosammmium chUyride^ N^^H^Pt'^Clg; 

and platinum tetrachloride, Pt‘jCl4, absorbs four molecules of 
anpnonia, forming platinn 7 rb 7 mmium chloride^ N4Hi2Pt*\ CI4. In 
like manner, cupric chloride and sulphate form the chloride and 
sulphate of cupraTYimtjnium. NgHgCu'^Cl^ and N2H0Cu".SO4. 

Similar compounds are formed in many cases by precipitating 
metallic salts with ammonia or ammoniacal salts : thus, ammonia 
added to a solution of mercuric chloride, HgClg, forms a white pre- 
cipitate, consisting of dimercurammonium chloride^ N2H4Hg"2-f"^25 
and by dropping a solution of mercuric chloride into a boiling 
solution of sal-ammoniac mixed with free ammonia, crystals are 
obtaine*", rn'> dsting of mcrcurammonium chloride^ N2H^Hg".Cl2. 
Some 01 tiiese compounds will be further considered in connection 
with the several metals. 


LITHIUM. 

Atomic weight, 7 ; symbol, LL 

liTTHitHu is found in petalite, sjmdumene, lepidolite, triphylline, 
and a few other minerals, and sometimes occurs in minute quan- 
tities in mineral springs, The most ahundant source of it yet 
discovered is the mineral water of Wheal Clifford in Cornwall, in 
whicdi it exists to the amount of 61 parts in a million. 

The metal is obtained hy fusing pure lithium chloride in a 
small thick porcelain crucible, and decomposing the fused chloride 
by electricity. It is a white metal like sodium, and very oxidis- 
able. Lithium fuses at 180 °; its specific gravity is 0 * 59 : it is, 
therefore, the liglitt^st sf)lid known. 

A lithium salt may be obtained from petalite on the small scale, 
by the following process : The mineral is reduced to an exceedingly 
tine powder, mixed with five or six times its weight of pure cal- 
cium carbonate, and the mixture healed to whiteness, in a platinum 
crucible placed within a well-covered earthen one, for twenty 
minutes or half an hour. The shrunken coherent mass is^ digested 
in dilute h^’^drocliloric acid, the whole evaporated to dryness, 
acidulated water added, and the silica separated by a filter. The 
solution is then mixed with ammonium carbonate in excess, l)oiled, 
and filtered ; the clear liquid is evaporated to dryness, and gently 
heated in a platinum crucible, to expel the sal-ammoniac ; and the 
residue is wetted with oil of vitriol, gently evaporated once more 
to dryness, and ignited : pure fused lithium sulphate then remains. 

This process will serve to give a good idea of the general nal ure 
of the operation by which alkalis are extracted in mineral analysis, 
and their quantities determined. 

Lithium hydrate^ LiHO, is much less soluble in water than the 
hydrates of potassium and sodium; the carbonate ami phosphate 
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are also sparingly soluble salts. The chloride ciysiallises in anhy- 
drous cutes which are deliquescent. Lithivm mlphaU ib a very 
beautiful salt ; it crystallises in lengthened prisms containing one 
molecule of water. It gives no double salt with aluminium 
sutehate. 

The salts of lithium cblour the outer fl^e of the blow-pipe 
carmine-rei The spectral phenomena exhibited by lithium com- 
pounds are mentioned on page 69. 


CAESIUM AND RUBIDIUM. 

Cs = 133. - Rb = 85*4. 

The two metals designated by thes4 names were discovered by 
Bunsen ^nd Kirchhotf by means of their spectrum apparatus men- , 
tioned on page 68: the former in 1860 and the latter in 1861. 
These metals, it appeal's, are widely diffused in nature, but always 
occur in very small quantities ; they have been detected in many 
mineral waters, as well as in some minerals, namely, litliia-mica 
or lepidolite, and petalite; lately also in felspar; they have also 
been found in the alkaline ashes of beetroot. The salt-sping of 
Durkheim, wliich contains 0*17 part of coesiiun chloride in a 
million parts of water, was till lately regarded as tlie richest source 
of caesium; but from recent experiments by Colonel Yorke,* it 
appears that the hot spring of Wheal Clifford, already mcmtioncHl 
as a source of lithium, conhiins 1'71 parts of CcX»siuin cJdoride in a 
niilUon, or 0-12 grains in a gallon. The best material for Ihe pre- 
paration of ruJmiium, is lepidolitey wliich has been found to contaiji 
as much as 0*2 per cent, of that inetuL Both metals are closely 
analogous to }>otassiurii in their deportment, and cannot be dis- 
tinguished from that metal or from inie anollier, either by reagents 
or before the bb)W-pi\)e. 

Rulndiuia and ctesiuiu, like potassium, form double salts with 
tetrachloride of platinum, whicti are, however, much less soluble 
than the ca>rrespondirig potassium salts : it is on this property that 
the separation of these metals from poUissium is based. The 
mixture* of jdaii nochlorides is repeatedly extracted with boiling 
water, when a difficultly soluble residue, consisting cliiefly of the 
platinochlorides of ciesium and rubidium, remains. 

The hydrates of these metals are powerthl bases, which attract 
carbonic acid from the air, passing, first into iiornial carbonate, and 
then into acid carbonate. Cajsium carbonate is soluble in absolute 
alcohol; rubidium carbonate is nearly insoluble in that liquhl ; 
this property is made use of for the separation of these two metals. 
The chloride crystallises in cubes, and is somewliat more soluble 
in water than chloride of potassium. 

Rubidium chloride, when in a state of fusion, is easily decom- 
* Joamal of the Chemical Society, 1872, p. 273. 
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posed by the electric current ; the metal produced rises to the 
surface and burns with a reddish light If this experiment be 
performed in an atmosphere of hydrogen, to prevent oxidation, 
the separated metal is nevertheless lost, dissolving as it does in 
the fused chloride, which is transformed into a subchloride having 
the blue colour of smalt Rubidium, when separated under mer- 
cury by the electric current, forms a crystalline amalgam of silvery 
lustre, which is rapidly oxidised by the air, and decomposes water 
in the cold. Cassium chloride, under the influence of the electric 
current, exhibits exactly the same deportment as rubidium chloride. 
Rubidium is electro-positive towards potassium. Caesium is 
electro-positive towards rubidium and potassium, and thus consti- 
tutes the most electro-positive member of the elements. 


SILVER. 

Atomic weight, 108 ; symbol, Ag (Argentum). 

SriiVER is found in the metallic state, as sulphide, in union with 
sulphide of antimony and sulphide of arsenic, also as chloride, 
iodide, and bronji<le. Among the principal silver mines may be 
mentioned those of tlie llartz mountains in Germany, of Kongs- 
berg in N<»rway, and, more particularly, of the Andes, in both 
North and South America. ^ 

Tin* greater part of the silver of oommerce is extracted from ores 
so poor a.s to render any process of or fusion iiia])plicable, 

even where fuel could be obtained, and this is often difficult to be 
procured. Recourse, therefore, is had to another method — that of 
awahjaumtion — founded on the easy solubility of silver and many 
other luetuls in metallic mercMirv. 

The amalgamation process ud(»pte<l in Germaiiy — which difl'ers 
somewhat from that iu use in Amercia — is as follows: The ore is 
crushed to powder, mixed with a quantity of common salt, and 
roasted at a low red heat in a suitable furnace, by which treatment 
any sul]j>hide of silver it may contain is converted into chloride. 
The mixture of earl hy matt er, oxides of iron and copper, soluble 
salts, silver chloride, and metallic silver, is sifted and put into large 
barrels made to revolve on axes, with a quantity of water and 
scraps of iron; and the whole is agitated together for some time, 
during which the iron reduces the silver chloride to the state of 
melal. A certain ])roportion of mercury is then introduced, and 
the agitation rej>eated : the mercury dissolves out the silver, 
together with gold, if there be any, also metallic copper, and other 
substances, forming a fluid amalgam easily separable from the tliin 
mud of earthy mat ter by subsidence and washing. This amalgam 
is strained through a strong linen cloth, and the solid portion 
exposed to heat in a kind of retort., by which the i*emaining mer- 
cury is distilled off, and the silver left behind in an impure state. 
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Con8i46raT)le loss often occurs in the amalgamation process from 
the combination of a portion of the mercury with sulpliiir, oxygen, 
&c., whereby it is brought into a pulverulent condition, known as 

flouring, and is then liable to be washed away, together with 
the silve?* it has taken up. This inconvenience may be prevent^, 
as suggested by Mr Crookes, by amalpimating the mercury with 
1 or 2 per cent of sodium, which by its superior aflinity for 
sulphur and oxygen prevents the mercury from 1>ecoming floured. 

A considerable quantity of silver is obtained from argentiferous 
galena : in fact, almost eveiy specimen of jiaiive lead sulphide is 
found to contain traces of this metal. When the propoiiion rises 
to a certain amount, it becomes worth extracting. The ore is 
reduced in the usual manner, the whole of the silver remaining 
with the lead; the latter is then re-melted in a laige vessel, and 
allowed to cool slowly until solidification commences. The por- 
tion which first crystallfses is nearly pure lead, the alloy with 
s\lveThem^ more fusible than lead itself: by particular management 
this is drained away, and is found to conlaiii nearly the whole of 
the silver [Pattinsou’s process]. This rich mass is next exposed to 
a red heat on the shallow hearth of a furnace, while a stream of 
air is allowed to impinge upon its surtiice; oxidation takes i)lace 
with great rapidity, the fused oxide or litharge being constantly 
swept from the metal l)y the blast. When the greater part of the 
lead has been thus removed, the residue is transferred to a cupel 
or shallow dish made of bone-ashes, and again heated : the last 
portion of the lead is now oxidised, and the oxide sinks in a melted 
state into the porous vessel, while the silver, almost chemically 
pure, and exhibiting a brilliant surface, remains behind. 

Pure silver may be easily obtained. The metal is dissolved in 
nitric acid: if it contains copper, the solution will have a blue 
tint ; gold will remain undissolved as a black powder. The solu- 
tion is mixed with hydrochloric acid or with common salt, and the 
white, insoluble, cuidy precipitate of silver chloride is washed and 
dried. This is then mixed with about twice its weight of anhy- 
drous sodium carl)onate, and the mixture, placed in an earthen 
crucible, is gradually raised to a temperature approaching Avhite- 
ness, during which the sodium carbonate and the silver chloride 
react, upon each other ; carbon dioxide and oxygen escape, while 
metallic silver and silver chloride result : the former melts into a 
button at the bottom of the crucible, and is easily dejtached. The 
following is perhaps the most simple method for the reduction of 
silver chloride. The silver-salt is covered with water, to which a 
few drops of sulphuric acid are added; a plate of zinc is then 
introduced. The silver chloride soon begins to decompose, and is, 
after a short time, entirely converted into metallic silver; the 
silver tlius obtained is grey and spongy; it is ultimately purified 
by washing with slightly acidulated wat er. 

Pui-e silver has a most perfect white colour and a high degree of 
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lustre : it is exceedingly malleable and d ^.ctile, and is probably the 
best conductor both of heat and electi icity known. Il« specific 
gravity is 10-5. In hardness it lies between gold and copper. It. 
melts at a bright red heat. Silver is unalterable by air and 
moisture : it refuses t,o oxidise at an^ temperature, but posse^es 
the extraordinary faculty already noticed of absorbing many tinies 
its volume of oxygen when strongly heated in an atmosphere of 
that gas, or in common aii\ The oxygen is again disengaged at 
the moment of solidification, and ^ves rise to the peculiar arbo- 
rescent appearance often remarked on the surface of masses or 
buttons ol pure silver. The addition of 2 per cent, of copper is 
sufficient to prevent the absorption of oxygen. Silver oxidises 
when heated with fusible siliceous matter, as glass, which it stains 
yellow or orange, from the formation of a silicate. It is little 
aitaclM^^^ by hydrochloric acid; Ijoiling oil of vitriol converts it 
into sulphate, with evolu(.ion of sulphurous oxide; nitric acid, 
even dilute and in the cold, dissolves it readily. The tarnishing 
of surfaces of silver exi^osed to the air is due to hydrogen sulphide, 
the metal ha\ing a strong attraction for sulphur. 

Silver Chlorides. — Two of these compounds are known, con- 
taining respectively 1 to 2 atoms of silver to 1 atom of chlorine ; 
the second, however, is a very unstable compound.'**' 

The Monochloride or Argentic Chloride^ AgCl, is almost 
invariably produced when a soluble silver salt and a soluble 
•chloride ^ire mixed. It falls as awhile curdy precipitate, quite 
insoluble in '<er and nitric acid; one part of silver chloride 
is soluble in 200 of hydrochloric acid when concentrated, 

and in about 600 parts wni./ cliluted with double its weight of 
water. When heated it melts, and or cooUnsr becomes a greyish 
crystalline mass, which cuts like horn; it lo " ''•^ve in this 

condition, constituting the horn-silver of the mineralogist. Silver' 
chloride is decomposed by light, both in the dry and in the wet 
state, very slowly if pure, ami quickly if organic matter be pre- 
sent : it is reduced also when put into wat^ with metallic zinc or 
iron. It dissolves with great ease in ammonia and in a solution 
of potassium cyanide. In analysis the proportion of chlorine 
or hydrochloric acid in a compound is always estimated by pre- 
cipitation with silver solution. The liquid is acidulated with 
nitric acid, and an excess of silver nitrate added; the chloride is 
collected on a filter, or better by subsidence, washed, dried, and 


♦ The existence of two silver chlorides is utterly incompatible with the 
hypothesis that both silver and chlorine are monad elements. The com- 
position of the argeiitous compounds is not perhaps very well established ; 
but supposing the chloride to contain AgjjCl^ as usually stated, its consti- 

tution may be represented by tlie formula 1 , in which chlorine plays 

Ag,Cl 

the part of a triad. 
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fused ; 100 parts correspond to 24*7 of chlorine, or 25*43 of hydro- 
chloric acid. 

Argentous Chloride^ ^ obtained by ireatiuf? the 

corresponding oxide with hyclrdchloric acid or by precipitating an 
argentous salt — the citrate, for example — with common salt. It is 
ea^y resolved by heat or by ammonia into aigcutic chloride and 
metallic silver. 

SiLVEU Fluokide, AgF, is produced by dissolving argentic 
oxide or carbonate in aqueous hydrofluoric acid, and sewrintes on 
evfw^ration in transparent quadmtic octohedrons, whicli contain 
AgF.H^O, and giv'e off their water when fused. Their solution 
gives, with hydj*oehIoric acid, a precipitate of argentic chloride. 
WTien chlorine gas is j>iissetl t>ver fuseil silver fluoride, silver 
chloride is formeil and fluorine is set free (p. 195). 

Silver Iodide, Agl, is a i>aIe-yelIow insoluble precipitate, pro- 
duceil by adding silver nitrate to |>otasMum i(Hlide; it is insoluble, 
or nearly so, in ammonia, and in this respect forms an exception 
to the silver-salts in general, Deville has t^btaiiunl a crystalline 
silver ioilide by the action of concentrated hydriodic acid u|j<m 
metallic silver, which it dissolves with distmgagement of hydrogen. 
Hydriodic acid converts, silver chloride into iodide. The bromide 
of silver verj' closely resembles the chloride. 

Silver Oxides.— There are three oxides of silver, only one of 
which can, however, be reganled as a well-defined compound,, 
namely ; 

The Monoxide or Argentic Oxide^ — This oxide is a 

powerful base, yielding stilts isomorpho’:. nlllii those of the alkali- 
metals. It is obtaineil as a ^.^le-brown precipitate on adding 
caustic potas^^ of silver nitrate : 

2AgN03 + KHO = Agp + KNO3 + HNO3. 

It is very soluble in ammonia, and is dissolved also to a small 
extent by pure water ; the solution is alkaline. Recently precipi- 
tated silver chloride, boiled \vi\h a solution of caustic potash of 
specific gravity 1*25, is converted, according to Gregory, although 
with difficulty, into argentic oxide, which in this case is black and 
very dense. Argentic oxide neutralises acids completely, and 
forms, for the most x^rt, colourless salts. It is dccoiuposed by a 
red heat, with evolution of oxygen, spongy metallic silver being, 
left : the sun’s rays also effect its decomposition to a small extent. 

Argentous Oxide^ AgdO,* — ^When dry argentic citrate is heated 
to 100° in a stream of hydrogen gas, it loses oxygen and becomes 
dark-hrowo. The product, dissolved in water, gives a dark- coloured 
solution contoining free citric acid and argentous citrate, which 
when mixed with potash yields a precipitate of argentous oxide. 
This oxide is a black powder, very easily decomposed, and soluble 
♦ If this formula be correct, oxygen must be a tetrad. 
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irx ammdiiia. The solution of argentous citrate is rendered colour- 
less by heat, being resolved into argentic citrate and metallic silver. 

AgO 

Silver Dioxide^ AggOg == I . — ^This is a black crystalline 

AgO 

substance which fonns upon the posi ve electrode of a voltaic 
arrangement employed to decompose a solution of silver nitrate. 
It is reduced by heat-; evolves chlorine when acted upon by hydro- 
chloric acid ; explodes when rifixed with phosphorus and struck ; 
and decomposes solution of ammonia, with great energy and rapid 
disengagement of nitrogen gas. 

OxYSALTS OF SILVER. — The nitratey AgNOg, is prepared by 
dissolving silver in nitric acid, and evaporating the solution 
drynrss, or until it is strong enough to crystallise on cool- 
g. Tne crystals are colourless, transparent, anhydrous tables, 
fuble in an equal weight of cold and in half that quantity 
bf boiling water : they also dissolve in alcohol. They fuse when 
heated, like those of nitre, and at a high temperature suffer 
lecomposition ; the lunar caustic of the surgeon is silver nitrate 
vhich has been melted and poured into a cylindrical mould. The 
salt blackens when exposed to light, more particularly if organic 
matters of any kind are present, and is frequently employed to 
joimnunicate a dark ^tain to the hair ; it enters into the composi- 
i ion of the “indelible” ink used for marking linen. The black 
slain has been thought to be metallic silver; it may possibly 
be argentous oxide. Pure silver nitrate may be prepared from 
the metal alloyed with copper : the alloy is dissolved in nitric 
acid, the solution evaporated to dryness, and the mixed nitrates 
cautiously heated to fusion. A small portion of the melted mass 
is removed from time to time for examination ; it is dissolved in 
water, filtered, and ammonia added to it in excess. While any 
copper-salt remains undecomposed, the liquid will be blue, but 
when that no longer happens, the nitrate may be suffered to cool, 
dissolved in water, and filtered from the black oxide of copper. 

Silver Sulphatey Ag2S04, may be prepared by boiling together 
oil of vitriol and metallic silver, or by precipitating a concen- 
trated solution of silver nitrate with an alkaline sulphate. It 
dissolves in 88 parts of boiling water, and separates in great 
measure in the crystalline form on cooling, having but a feeble 
degree of solubility at a low temperature. It forms with ammonia 
a cryslallisable compound which is freely soluble in water, con- 
tains 2NHq. Ag2S04, and, may therefore be regarded as argentam- 
monium sutphatey (NH^&)|dS04. 

Silver Hypomlphateyl^^jde^ ^ soluble crystallisable salt, 
pennanent in the air. 'ffie thiosulphatey AggSgOg, is insoluble, 
white, and very prone to decomposition: it combines with the 
alkaline thiosulphates, forming soluble compounds distin^shed 
by an intensely sweet taste. The alkaline thiosulphates dissolve 
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both oxide and chloride of silver, and give rise to similar salts, an 
oxide or chloride of the alkaline metal being at the sjime time 
formed : hence the use of alkaline thiosulphates in fixing photo- 
grmhic pictures (p. 80). 

^Iver Carbonate is a white insoluble siil)8tance obtained b^ 
mixing solutions of silver nitrate and sodiiun carbonate. It is 
blackened and decomposed by boiling. 

Silver Sulphide, AggS, is a s^t, grey, and somewhat malle- 
able substance, found native in tne crystallised stale, and easily 
produced by melting together its constituents, or by precipitating 
a solution of silver with hydrogen sulphide. It is a strong 
jva2pAar-?msfey and <*omhinea with the sulphides of antimony and 
arsenic : examples of such compounds are found in the l>eautiful 
minerals, dark and light-red silver are. 

Ammonia-compound of Silver; Bertholet’s Fulminating 
Silver.— This is a black, explosive compound formed by digesting 
precipitated argentic oxide in aimnonia. While moist, it explodes 
only when rubbed with a hard body, but when dry the touch of a 
feather is sufficient. The ammonia retains some of this substance 
in solution, and deposits it in small crystals by spontaneous eva- 
poration. A similar compound exists containing oxide of gold. 

Soluble silver salts are perfectly characterised by the white 
curdjr precipitate of silver chloride, darkening by exposure to light, 
and insoluble in hot nitric acid, which is produced l>y the addition 
of any soluble chloride. Lead and mercury are the only metals 
which can be confounded with silver in this respect; but lead 
chloride is soluble to a great extent in boiling water, and is 
deposited in brilliant acicular crystals when the solution cools ; 
and mercurous chloride is instantly blackened by ammonia, 
whereas silver chloride'is dissolved thereby. 

Solutions of silver are reduced to the metallic state by iron, 
copper, mercury^ and other metals. They give with hydrogen sul- 
phide a black precipitate of argentic sulphide insoluble in ammo- 
nium sulphide ; with caustic aucaliSf a brown precipitate of argentic 
oxide ; and with alkaline carbonates^ a white jjrecipitate of argenti<j 
carbonate, both precipitates being easily soluble in ammonia. 
Ordinary sodium phosphate forms a yellow precipitate of argentic 
orthophosphate; potassium ch/romate or bichromate^ a red brown 
precipitate of argentic chromate. 

The economical uses of silver are man|J^it is admirably adapted 
for culinary and other similar purposefi^^ being attacked in the 
slightest degree by any of the substarSies used for food. It is 
necessary, however, in these cases, to diminish the softness of the 
metal by a small addition of copper. The standard silver of 
England contains 222 parts of silver and 18 parts of copper. 
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CLASS II.— DYAD METALS. 

GROUP 1.— METALS OF THE ALKALINE EARTHS. 

BARIUM.* 

Atomic weight, 137 ; symbol, Ba. 

This metal occurs abundantly as sulphate and carbonate, forming 
the veinstone in many lead mines. Davy obtained it in the metallic 
state by means similar to those described in the case of lithium. 
Bunsen subjects barium chloride mixed to a paste with water and 
a little hyr^roobloric acid, at a temperature of 100®, to the action 
of the electric current, ushig an amalgamated platinum wire as the 
negative pole. In this manner the metal is obtained as a solid, 
highly crystalline amalgam, which, when heated in a stream of 
hydrogen, yields barium in the form of a tumefied mass, tarnished 
on the surface, but often exhibiting a silver white lustre in the 
cavities. Barium may also be obtained, though impure, by pass- 
ing vapour of potassium over the red-hot cliloride or oxide of 
barium. It is malleable, melts below a red heat, decomposes 
water, and gradually oxidises in the air. 

Barium Chloride, BaClg-SHgO. — This valuable salt is prepared 
by dissolving the native carbonate in hydrochloric acid, filtering 
the solution, and evaporating until a i)eHicle begins to form at the 
surface : the solution on cooling deposits crystals. When native 
carbonate cannot be procured, the native sulphate may be em- 
ployed in the following manner : — The suli^hate is reduced to fine 
powder, and intimately mixed with one- third of its weight of 
powdered coal ; the mixture is pressed into an earthen crucible to 
which a cover is fitted, and exposed for an hour or more to a high 
red heat, by which the sulphate is converted into sulpliide at the 
expense of the combustible matter of the coal; the black mass 
thus obtained is powdered and boiled in water, bj^ which the sul- 
phide is dissolved ; and the solution, filtered hot, is mixed with a 
slighti excess of hydrochloric acid. Barium chloride and hydrogen 
sulphide are then produced, the latter escaping with effervescence. 
Lastly, the solution is filtered to separate any lil.tle insoluble 
matter, and evaporated to the crystallising point. 

The crystals of barium chloride are flat four-sided tables, colour- 
less and transparent. They contain 2 molecules of water, easily 
driven off by heat. 100 parts of water dissolve 43*5 parts at 15*5 , 
and 78 parts at 104*5®, wnich is the boiling-point of the saturated 
solution. 

* From fSapvi, heavy, in allusion to the great specific gravity of the 
native carbonate and sulphate. 
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Barium Oxides. — The Monoxide or Baryta^ BaO, is best pre- 
pared by decomposing the crystallised nitrate by heat in a capa- 
cious porcelain cruciWe until red vapoms are no longer disengaged: 
the nitric add is then resolved into nitrous acid and oxygen, and 
the baryta remains behind in the form of a greyish sponj^ mass, 
fusible at a high degree of heat. When moistened with water it 
combines into a hydrate, with great elevation of temperature. 
The Hydrate^ BaH 902 = BaO.HgO, is prepared on the larw scale 
by decomposing a "hot concentrated solution of barium chloride 
with a solution of caustic soda; on cooling crystals of barium 
hydrate are deposited, which may be purified by re -crystallisa- 
tion. In the laboratory barimn hydrate is often prepared by 
boiling a strong solution of the sulphide with small successive 
portions of black oxide of cojiper until a drop of the licjuid ceases 
to fomi a black precipitate with lead salts: the filtei-ed licnid 
on cooling yields crystals of the hydrate. The crystals of barium 
hydrate contain aq. ;* they fuse easily, and lose their 

water of crysiallisaiion when strongly heated, leaving the hydrate, 
BaH 202 y in the form of a while, soft powder, haring a great 
attraction for carbonic acid, and soluble in 20 parts of cold and 
2 parts of boiling water. The solution is a valuable reagent : it 
is highly alkaline to test-paper, and inslaiilly rendered turbid by 
the smallest trace of carbonic acid. 

The Dioxide, Ba02, may be formed, as already mentioned, by 
exposing baryta, heated to full redness in a porcelain tube, to "a 
current of pure oxygen gas. It is grey, and forms with water a 
white hydrate, which is not decomposed by that liquid in the 
cold, but dissolves in small quantity. Barium hydrate, when 
heated to redness in a current of dry atmospheric air, loses its 
water, and is converted, by absorption of oxygen, into barium 
dioxide, from which the second atom of oxygen may be expelled 
at a higher temperature. Boussingaiilt has proposed to utilise 
these reactions for the preparation of oxygen upon a large scale. 
The dioxide may also be made by heating pure baryta to redness 
in a platinum crucible, and then gradually adding an equal weight 
of potassium chlorate, whereby Imriuni dioxide and potassium 
chloride are produced. The latter may be extracted by cold water, 
and the dioxide left in the state of hydrate. It is used for the 
preparation of hydrogen dioxide (p. 145). When dissolved in 
dilute acid, it is decomposed by potassium bichromate, and by the 
oxide, chloride, sulphate, and carbonate of silver. 

OxYSALTS OF Bartum. — The Nitrate, Ba(N 03 ) 2 , prepared by 
methods exactly similar to those adopted for preparing the chloride, 
nitric acid being substituted for hydrochloric. It crystallises in 
transparent colourless octohedrons, which are anhydrous. They 

♦ The symbol, aq. (abbreviation of aqm) is often used to denote water of 
crystallisation. 
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require for solution 8 parts of cold and 3 parts of boiling water. 
This salt is much less soluble in dilute nitric acid than in pure 
water : errors sometimes arise from such a precipitate of crystalline 
barium nitrate being mistaken for sulpnate. It disappears on 
heating, or by la:^e affusion of water. 

The Sulphate^ BaS 04 , is found native as heavy spar or barytes, 
often beautifully crystallised: its specific gravity is as high as 
4-4 to 4‘8. This compound is always produced when sulphuric 
acid or a soluble sulphate is mixed with a solution of a barium 
salt. It is not sensibly soluble in water or in dilute acids : even 
in nitric it is almost insoluble : hot oil of vitriol dissolves a little, 
but the greater part separates again on cooling. Barium sulphat e 
is now uodn^ea artificially on a large scale ; it is used as a substi- 
tute foi wiiite-lead in the manufacture of oil-paints. The sulphate 
to be used for this purpose is luecipitated from very dilute solu- 
tions : it is known in commerce as blanc fixe. Powdered native 
barium suli>hale, being rather crystalline, has not sufficient, body. 
For the production of sulphate, the chloride of barium is first 
j)repared, which is dissolved in a large quantity of wat er, and then 
jirecipitated by dilute sulphuric acid. 

The Carbonate, BaCOg, is found native as witherite, and may be 
formed artificially b}^ precipitating the chloride or nitrate with an 
alkaline carbonate, or carbonate of ammonia. It is a heavy, white 
powder, very sparingly soluble in watiir, and chiefly useful in the 
preparation of the rarer barium salts. 

Barium Sulphides. — The Monosulphide, BaS, is obtained in the 
manner already described (p. 357) ; the higher sulphides may be 
formed by boiling it w ith sulphur. Barium monosulphide crys- 
tallises from a hot solution in thin, nearly colourless plates, which 
contain w ater and are not very soluble : they are rayndly altered 
by the air. A strong solution of this sulphide may be eniploj^ed, 
as already described, in the jneparalion ol barium hydrate. 


Solutions of barium hydrate, nitrate, and chloride, are constantly 
kept in the laboratory as chemical tests, the first being employed 
to effect the separation of carbonic acid from certain gaseous 
mixtures, and tne two latter to j^i'Pcipitate sulphuric acid from 
solution. 

Soluble barium salts are poisonous, which is not the case with 
those of strontium. For their reactions, see page 368. 


STRONTIUM. 

Atomic weight, 87*6 ; symbol, Sr. 

The metal strontium may be obtained from its oxide by means 
similar to those described in the case of barium : it is usually 
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described as a white metal, heavy, oxidisable in the air, and 
capable of decomposing water at common temperatures. Mat- 
thiessen states, however, that it has a dark-yellow colour, and 
specific gravity 2 ’64, He prenares it by filling a small crucible 
having a porous cell with anhydrous strontium chloride mixed 
with some ammonium chloride, so that the level of the fused 
chloride in the cell is much higher than in the crucible. The 
negative pole placed in the cell consists of a very fine iron wire. 

* The positive pole is an iron cylinder placed in the crucible round 
the cell. The heat is regulated so that a crust forms in the cell, 
and the melal collects under this crust. 

Strontium Monioxidey or Strontia^ SrO, is best prepared by 
decomposing the nitrate with aid of heat ; it resembles Iwiryta in 
almost every particular, forming, like that substance, a 'white 
hydiate, soluble in water. A not saturated solution deposits 
crystals on cooling, which contain SrH^O^-S aq. : heated to dull 
redness they lose the whole of their water, anhydrous strontia 
lieing left. The hydrate has a gre^it attraction for carbonic acid. 
The Dioxidcj is prepared in the same manner as barium 

dioxide : it may be substituted for the latter in making hydrogen 
dioxide. 

The native carbonate and sulphate of strontium serve for the 
preparation of the various salts by means exactly similar to those 
already described in the case of barium salts ; they have a very 
feeble degree of solubility in water. 

Strontium Chloride^ SrCl 2 . — The chloride crystallises in colour- 
less needles or prisms, which are slightly deliquescent, and soluble 
in 2 parts of cold and a still smaller quantity of boiling water: 
they are also soluble in alcohol, and the solution, when kindled, 
bums with a crimson flame. The crystals contain 6 molecules 
of water, which they lose by heat : at a higher temperature the 
chloride fuses. 

Strontium Nitrate^ Sr(N 03 ) 2 , crystallises in anhydrous octohe- 
drons, which require for solution 5 parts of cold and about half 
their weight of boiling water. It is principally of value- to the 
pyrotechnist, who employs it in the composition of the well-known 
“ red fire.”* 

The spectral phenomena exhibited by strontium compounds are 
mentioned on page 69. 

* Red Fire : Grains. Green Fire : Grains. 

Dry strontium nitrate, 800 Dry barium nitrate, . 450 

Sulphur, . . 225 Sulphur, . . . 150 

Potassium chlorate, 200 Potassium chlorate, . 100 

Lampblack, , , 50 Lampblack, . . 25 

The strontium or barium-salt, the sulphur, and the lampblack, must be 
finely powdered and intimately mixed, after which the potassium chlorate 
shoulu be added in rather coarse powder, and mixed, without much rubbing, 
with the other ingredients. The red fire composition has been known to 
ignite spontaneously. 
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CALOIU i. 

Atomic weight, 40 ; symbol, Ca. 

Calcium is one of the most abundant and widely diffused oC the 
metals, though it is never found in the free state. As carbonate, 
it occurs in a great variety of forms, constituting, as limestone, 
entire mountain ranges. Calcium was obtained in an impure 
state by D^avy, by means similar to those adopted for the prepara- 
tion of barium, Matthiessen prepares the pure metal by fusing a 
mixture of two molecules of calcium chloride and one of strontium 
chloride with some chloride of ammonium in a small porcelain 
crucible, in which an iron cylinder is placed as positive pole, and 
a poii . Iron wire ©r a little rod of carbon connected with the 
zinc of the battery is made to touch the surface of the liquid. 
The reduced metal fuses and drops off from the point of the iron 
wire, and the bead is removed from the liquid by a small iron 
spatula, Lies-Bodart and Gobin prepare calcium by igniting the 
iodide with an equivalent quantity ot sodium in an iron crucible 
having its lid screwed down. 

Calcium is a light yellow metal of sp, gr, 1‘5778. It is about as 
hard as gold, very ductile, and may be cut, filed, or hammered out 
into plates as thin as the finest paper. It tarnishes slowly in dry, 
more quickly in damp air, decomposes water quickly, and iS' still 
more rapidly acted upon by dilute acids. Heated on platinum 
foil over a spirit-lamp, it burns with a bri ght flash ; with a bril- 
liant light also when heated in oxygen or chimne gas, or in vapour 
of bromine, iodine, or sulphur. 

Calcium Chloride, CaClg, is usually prepared by dissolving 
marble in hydrochloric acid ; it is also a bye-product in several 
chemical manufactures. The salt separates from a strong solution 
in colourless, prismatic, and exceedingly deliquescent crystals, 
which contain 6 molecules of water. By heat this water is 
expelled, and by a temperature of strong ignition the salt is fused. 
The crystals reduced to^ powder are emjnoyed in the production of 
artificial cold by being mixed with snow or powdered ice; and 
the chloride, strongly dried, or in the fused state, is of great use in 
desiccating gases, for which purpose the latter are slowly trans- 
mitted through tubes tilled with fragments of the salt. Calcium 
chloride is also freely soluble in alcohol, which, when anhydrous, 
forms with it a definite crystallisable compouniL 

Calcium Fluoride ; Fluor-spar ; CaFg, — ^This substance is 
important as the most abundant natural source of hydrofluoric 
acid and the other fluorides. It occurs beautifully crystallised, of 
various colours, in lead-veins, the crystals having commonly the 
cubic, but sometimes the octohedral form, parallel to the faces of 
which latter figure they always cleave, « Some varieties, when 
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heated, emit a greenish, and some a purple phosphorescent light. 
The fluoride is quite insoluble in water, and is decomposed by oil 
of vitriol in the manner already mentioned (p. 195). 

Calcium Oxides. — The MoTwxide or Limey CaO, may be 
obtained in a state of considerable purity by heating to full 
redness for some time fragments of the black bituminous marble 
of Derbyshire or Kilkenny. If required absolutely pure, it must 
he made by igniting to whiteness, in a platinum crucible, an 
artificial calcium carbonate, prepai-ed by precipitatmg the nitrate 
with ammonia carbonate. Lime in an impure state is prepared 
for building and ^ricultural purposes by calcining, in a kiln of 
suitable construction, the ordinary limestones which abound in 
many districts; a red heal, continued for some hours, is suffi- 
cient to disengage the whole of the carbonic acid. In the best- 
contrived limekilns the process is carried on continuously, broken 
limestone and fuel being constantly thrown in at the top, and tho 
burned lime raked out at intervals from beneath. Sometimes, 
when the limestone contains silica, and the heat has been verj' 
high, the lime refuses to slake, and is said to be over-burned; in 
this case a portion of silicate has been formed. 

Pure lime is white, and often of considerable hardness: it is 
quite infusible, and phosphoresces, or emits a pale light at a high 
temperature. When moistened with water, it slakes with great 
violence, evolving heat, and crumbling to a soft, white, bulky 
powder, which is a hydrate containing a single molecule of water: 
the latter can be again expelled by a red heat. This hydrate, 
CaHgOo or CaO.HgO, is soluble in water, but far less so than either 
the hydrate of barium or of strontium, a)id, what is very remark- 
able, the colder the water, the larger is the quantity of the coin- 
K pound that is taken up. A pint of water at 15*5^ clissolves about 
11 grains, while at 100°' only 7 grains are retained in solution. 
The hydrate has been obtained in thin delicate crystals by slow 
evaporation under the air-pump. Lime-water is always prepared 
for chemical and pharmaceutical purposes by agitating cold water 
with excess of calcium hydrate in a closely-stopped vessel, and 
then, after subsidence, pouring off the clear liquid, and adding a 
fresh quantity of water, for another operation : there is not the 
least occasion for filtering the solution. Lime-water has a strong 
alkaline reaction, a nauseous taste, and when exposed to the air 
becomes almost instantly covered with a pellicle of carbonate,' by 
absorption of carbonic acid. It is used, like baryta -water, as a test 
for carbonic acid, and also in medicine. Lime-water prepared from # 
some varieties of limestone may contain potash. 

The hardening of mortars and cement s is in a great measure due 
to the gradual absorption of carbonic acid ; but even after a very 
great length of time, this conversion into carbonate is not com- 
plete. Mortar is known, under favourable circumstances, io 
acquire extreme hardness with age. Lime cements which resist 
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the action of water contain iron oxides, silica, and alumina ; they 
require to be carefully prepared, and the stone not over-heated. 
When they are grouna to powder and nixed with water, solidifica- 
tion speedily ensues, from causes not yet thoroughly understood, 
and the cement, once in this condition, is unaflected by wet. 
Parker's or Roman cement is made in this manner from the 
nodular masse^of calcareo-argillaceous irojistone found in* the 
London clay. (Lime is of great importance in ajp’iculture : it is 
found more or less in every fertile soil, and is often very advan- 
tageously added by the cultivator. The decay of vegetable fibre 
in the soil is thereby proniote<l, and other impoiinnt objects, as 
the destruction of certain hurtful compounds of iron in marsh and 
peat land, are often attained. The addition of lime probably 
serves likewise to liberate potassium from the insoluble silicate of 
that base contained in the soil. 

Calcium Dioxide, CaO^, is said to resemble barium dioxide, and 
to be obtainable by treating lime with hydrogen dioxide. 

Calcium Sulphate, CaS 04 . — Crystalline native calcium sul- 
phate, containing two molecules of water, is foimd in considerable 
abundance in some localities as gypmm: it is often associated with 
rock-salt. When regularly crystallised, it is termed fielenite. 
Anhydrous calcium sulphate is also occasionally met with. The 
salt is formed by precipitation, when a moderately concentrated 
solution of calcium chloride is mixed with sulphuric acid. Cal- 
cium sulphate is soluble in about 500 parts of cold water, and its 
solubility is a little increased by heat. It is more soluble in water 
containing ammonium chloride or potassium nitrate. The solution 
is precipitated by alcohol. Gypsum, or native hydrated calcium 
sulphate, is largely employed for the purpose of making casts 
of statues and medals, also for moulds in the porcelain and 
earthenware manufactures, and for other applications. It is ex- 
posed to heat in an oven where the temperature does not exceed 
127°, by which the water of crystallisation is expelled, and it is 
afterwards reduced to a fine powder. When mixed with water, it 
solidifies after a short time, from the re-formation of the same 
hydrate ; but this effect does not happen if the gypsum has been 
over-heated. It is often called Plaster of Paris. Artificial Coloured 
marbles, or scagliola, are frequently prepared by inserting pieces 
of natural stone in a soft stucco containing this substance, and 
polishing the surface when the cement has become hard. Calcium 
su^hate is one of the most common impurities of spring water. 

The peculiar property water acquires by the presence of calcium 
salts is termed hardness. It manifests itself by the effect such 
waters have upon the palate, and particularly by its peculiar 
behaviour with soap. Hard water yields a lather with soap only 
after the whole of the calcium salts have been thrown down from 
the water in, the form of an insolulde lime-soap. Upon this 
principle Clark's soap-test for the hardness of water is based. 
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The hardness produced by calcium sulphate is called pmmi/tml 
hardnmf since it cannot be remedied* 

Calcium Carbonate; Chalk; Limestone; Marble; CaCOg. 
— Calcium carbonate, often more or less contaminated with iron 
oxide, clay, and organic matter, forms rocky beds, of immense 
extent and thickness, in almost every part of the world. These 
present the greatest diversities of texture and appearance, arising, 
in a OTeat measure, from changes to which they have been sub- 
jected since their deposition. The most ancient and highly 
crystalline limestones are destitute of visible organic remains, while 
those of more recent origin are often eiitirdy made up of the 
shelly exuviee of once-living beings. Sometimes these latter are 
of such a nature as to show that the animals inhabited fresli water; 
marine sj^ecies and corals are, however, most abundant. Cavities 
in limestone and other rocks ai'e very often lined with inagniiieent 
crystals of calcium carbonate or calcai’eous spar, which have 
evidently Ixieii slowly dejM)sited from a watery solution. Calcium 
carbonate is always precipitated wdien an alkaline carbonate is 
mixed with a solution of tliat base. 

Although this substance is not sensibly soluble in pui'e water, 
it is freely taken up when carlxinic acid happens at the same time 
to be present. If a little Uiue-w'ater be poured into a vessel of 
that gas, the turbidity first produced disappears on agitation, and 
a transparent solution of calcium carbonate in excess of carbonic 
acid is obtained. This solution is decomposed completely by 
boiling, the carbonic acid being expelled, and the carbonate pre- 
cipitated. Since all natural waters contain dissolved carbonic 
acid, it is to be expected that calcium in this state should be of 
very common occurrence ; and such is really found to be the fact, 
river, and more especially spring water, almost invariably contain- 
ing calcium carbonate thus dissolved. In limestone districts, this 
is often the case to a great extent. The hardness of water, which 
is owing to the presence of calcium carbonate, is called temporary^ 

^ since it is diminished to a very considerable extent by boiling, 
and may be nearly removed by mixing the hard water with lime- 
water, when both the dissolved carbonate and the dissolved lime, 
which thus becomes carbonated, are precipitated. Upon this 
lirinciple Dr. Clarkes process of softening water is basea. This 
process is of considerable importance, since a supjdy of hard water 
to towns is in many respects a source of great inconvenience. As 
already mentioned, the use of such water, for the purposes of 
washing, is attended with a great loss of soap. Boilers, in which 0 
such w^ater is heated, speedily become lined with a thick stony 
incrustation.* The beautiful stalactitic incrustations of limestone 

♦ Many proposals have been made to prevent the formation of boiler 
deposits. The most efficient appears to be the method of Dr Rittcrband, 
which consists in throwing into the boiler a small quantity of sal-ammoniac, 
whereby carbonate of ammonia is formed, wliicli is volatilised with the 
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caverns, and the deposit of calc sinter or travertin upon various . 
objects, and upon the ground, in many places, are explained by 
the solubility of calcium carbonate in water containing carbonic 
acid. 

Crystallised calcium carbonate is dimorphous; calc-spar and 
arragonite, ‘although possessing exactly the same chemical com- 
position, have different ciystaUine forms, different densities, and 
different optical properties. Eose has observed that calcium car- 
bonate appears in the form of calc-spar when deposited from its 
solution in water containing carbonic acid at the ordinary tempera- 
ture. At 90^ and on ebullition, however, it is chiefly deposited 
in the form of arragonite ; at lower temperatures the formation of 
arragonite decreases, whilst that of calc-spar increases, the limit 
for th i f-^T^uation of the former variety oeiiig between 30° and 
50° 

Calc-spar occurs very abundantly in ciystals derived from an 
obtuse rnombohedron, whose angles measure 105° 5' and 74° 55' : 
its density varies from 2*5 to 2*8. Tlie rarer variety, or arragonite, 
is found in crystals whose primary form is a right rhombic prism, 
a figure having no geometrical relation to the preceding: it is, 
besides, heavier and harder. 

Calcium Phosphates. — A number of distinct c^ilcium salts of 
phosphoric acid are known. Two tribasic phosphates, or ortho- q 
phosphates, Ca''^(P 04)2 C a^'^PO ^), are produced when the cor- • 

responding sodium salts are addedTh solution to calcium chloride; 
the first is slightly crystalline, and the second gelatinous. When 
the first phosphate is digested with ammonia, or dissolved in acid 
and re-precipitated by that alkali, it is converted into the second. 
The earth of bones consists principally of what apjiears to be 
a combination of these two salts. Another orthophosphate, 
Ca"H 4 (P 04 ) 2 , is formed by dissolving either of the preceding in 
phosphoric, nydrochloiic, or nitric acid, and evaporating until the , 
salt separates on cooling in small platy crystals. It is the sub- 
stance which yields phosphorus when heated with charcoal, in the 
ordinary process of manufacture before described. Pyrophosphates 
and Metaphosphates of calcium also exist. These phosphates, 
although insoluble in water, dissolve readily in dilute acids, 
even in acetic acid. The mineral apatite is chiefly calcium 
phosphate. 

Chloride of Lime; Bleaching Powder. — When calcium 
hydrate, very slightly moist, is exposed to chlorine gas, the latter 
is readily absorbSi, and a compound produced which is the bleach- 
ing powder of commerce, and is now used on an immense scale, for 
bleaching linen and cotton goods. It is I’equisitie, in preparing this 
substance, to avoid all elevation of temperature, which may be easily 

steam, calcium chloride remainiTi^ in solution. It need scarcely be men- 
tioned that this plan is inapplicable in the case of pennanently hard waters. 
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done by supplying tbe chlorine slowly in the first instance. The 
product, when freshly and well prepared, is a soft, white powder, 
which attracts moisture from the air, and exhales an odour sensibly 
different from that of chlorine. It is soluble in about 10 parts of 
water, the unaltered hydrate beinff left behind: the solution is 
highly alkaline, and bleaches feebly. When calcium hydrate is 
suspended in cold water, and chlorine gas transmitted through the 
mixture, the lime is gradually dissolved, and the same peculiar 
bleaching compound produced : the alkalis also, either caustic or 
carbonated, may by similar means be made to absorb a large 
quantity of chlorine, and give rise to corresponding compounds ; 
such are the “disinfecting solutions of Labarraque. 

The most consistent view of the constitution of these com- 
pounds is tliat which supposes them to contain salts of hypochlor- 
ous acid, HCIO, a substimce as remarkable for bleaching powers 
as chlorine itself ; and this opinion seems borne out bv a careful 
comparison of the properties of the bleaching salts witn those )f 
the true hypochlorites. Hypochlorous acid can be actually ob- 
tained from good bleaching-powder, by distilling it with dilute 
sulphuric or nitric acid, in quantity insufficient to decompose the 
whole : when the acid is used in excess, chlorine is disengaged. 

If this view be correct, chloride of calcium must be formed 
simultaneously with the hypochlorite, as shown by the following 
equation : — 

2CaO + CI 4 = CaClg + CaClA- 

When the temperature of the calcium hydrate has risen during 
the absorption of the chlorine, or when the compound has been 
subsequently exposed to heat, its bleaching properties are impaired 
or altogether destroyed : it then contains clilorate and chloride of 
calcium ; oxygen, in variable quantity, is usually set free. The 
same change seems to ensue by long keeping, even at the common 
temperature of the air. In an open vessel it is speedily destroyed 
by the carbonic acid of the air. Commercial oleaching-powder 
thus constantly varies in value with its age, and with the care 
originally bestowed upon its preparation ; the best may contain 
about 30 per cent, of available chlorine, easily liberated by an 
acid, which is, however, far short of the theoi-etical quantity. 

The general method in which this substance is employed for 
bleaching is the following: — The goods are first immersed in a 
dilute smution of chloride of lime and then transferred to a vat 
containing dilute sulphuric acid. Decomposition ensues; the 
calcium both of the hypochlorite and of the chloride is converted 
into sulphate, while the free hypochlorous and hydrochloric acids 
yield water and free chlorine : — 

CaCl^Og + CaCla + 2 H 2 SO 4 = 2CaS04 + 2HC10 + 2HC1, 

HClO + HCl = HjO H- Clj. 



The chlorine .thus disengaged in contact With the cloth Ca 
destruction of the colouring matter. The process is repefj 
several times, since it is unsafe to use strong solutions. 

On the same principle, white patterns are imprinted u; 
coloured cloth, the figures being stamped with tartaric acid thj' 
ened with gum-water, and then the stuff immersed in the chloi 
bath, when the parts to which no acid has been applied rem 
unaltered, while the printed portions are bleached. 

For purifying an offensive or infectious atmosphere, as an ait 
proper ventilation^ the bleaching powder is very convenient. 
solution is exposed in shallow v ssels, or cloths steeped in it 
suspended in the apartment, when the carbonic acid of the 
slowly decomposes it in the manner above described. Additi 
of a strong acid causes rapid disengagement of chlorine. 

The value of any sample of bleaching powder may be eas. 
determined by the following method, in which the feebly co- 
billed chlorine is estimated by its effect in oxidising a ferrous si 
to ferric salt, 2 molecules of ferrous oxide, FeO, requiring for tl 
purpose 2 atoms of chlorine : the latter acts by decomposing wa 
and liberating a corresponding quantity of oxygen. 78 (m 
correctly 78*16) grains of green ferrous sulphate are dissolve 
about two ounces of water, and acidulated by a few drops o: 
phuric or hydrochloric acid : this quantity will require for oxid* 

10 grains of chlorine. Fifty grains of the chloride of lime 
examined are next rubbed up with a little tepid water, an 
whole transferred to the burette (p. 353), which is then fill* 
to 0 with water, after which the contents are well mixed by 
tion. The liquid is next gradually poured into the soluti 
iron, with constant stirring, until all the iron is brought to 
state of ferric salt, which may be known by a drop ceasing to g* 
a deep-blue precipitate with potassium ferrocyanide. The niiml 
of grain-measures of the chloride solution employed may then 
read off : since these must contain 10 grains of serviceable chlorii 
the quantity of the latter in the 50 grains may be easily reckonc' 
Thus, suppose 72 such measures have been taken ; then - ' 

Measures. Grs. Chlorine. Measures. Grs. Chlorine. 

72 : 10 = 100 : 13-89 

The bleaching powder contains therefore 27*78 per cent.* 

Calcium Sulphides, — The monosulphide, CaS, is obtaii 
reducing the sulphate at a high temperature with chare 
hydrogen : it is nearly colourless, and but little soluble in 
By boiling together calcium hydrate, water, and flowers of su, 
a red solution is obtained, which, on cooling, deposits crys^ 
the bisulphide, CaSg, containing water. When the sulphi. 

* Graham’s Elements, vol. i. p. 593. For other methods se 
“Dictionary of Chemistry,’^ i. p. 904. 



jas, and the boiling long continued, a pentasulphide is generated : 
^sulphuric acid is formed as usual during these reactions. 


Jalcium ^Phosphide. — When vapour of phosphorus is passed 
jiT fragments of lime heated to reclness in a porcelain crucible, a 
/colate-bipwn compound^ the so-called pAo^pAure^ of is pro- 
ved. This substance is probably a mixture of calcium phosphide 
S phosphate. When thrown into water it yields spontaneously 
famn^le hydrogen phosphide. According to Paul Th^naru, 
j calcium phosphide in this compound has the composition PoCa^ 
.contact with water it yields liquid hydrogen phosphide, PoEu 
234 ): ' 

PjCa^ + 2H2O = 2CaO + P^H^ : 


;d the greater portion of this liquid phosphide is immediately 
icomposed into solid and gaseous hydrogen phosphide : 5R2H4 =» 
.Hg + ePHa, 


I Reactions of the Alkaline Earth-metals m solution. — Barium, 
? ontium, and calcium are thus distinguished from all other sub- 
nces, and from each other. 

''?,ustic potasA, when free from carbonate, and caustic arn/monia, 
^don no precipitates in dilute solutions of the alkaline earths, 
Mally or the first two, the hydrates being soluble in water, 
kaline carbonates, and carbonate of ammonia, give white preci- 
.2S, insoluble in excess of the precipitant, with all three. 
Aphuric acid, or a sulphate, added to very dilute solutions ot 
nts of these metals, gives an immediate white precipitate with 
Im salts ; a similar precipitate after a short interval with stron- 
un salts ; and occasions no chan|^ with calcium salts. The pre- 
fitates with barium and strontium salts are insoluble in mtric 
id. 

Solution of calcium s'ldphate gives an instantaneous cloud with 
rium salts, and one with strontium salts after a little time. 
, 'QJi^ium sulphate is itself i^ufficiently soluble to occasi9n turbidity 
l)imixed with barium chloride. 

tgtly, the soluble oxalates give, in the most dilute solutions of 
salts, a white precipitate, which is not dissolved by a drop 
a|j> of hydrochloric, or by an excess of acetic acid. This is an 
Singly characteristic test. 

^ chlorides of stroritium and calcium dissolved in alcohol, colour 
|>}|me of the latter red or purple : barium salts communicate to 
^j[]|me a green pale tint. 

coq"<y?^ric acid gives a white precipitate with barium salts, 

caj^vith salts of strontium or calcium. 

intc 

yield 

CaCljj^^ 

and 
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GROUP II.— METALS OF THE EARTHS. 

The dvad earth-metals are beryllium, vttrium, erbium, lanthanum, 
and <iA)ymiura. With these it will I convenient to describe the 
tetradic metals, aluminium, zirconium, thorinum, and cerium ; the 
first three because their oxides are of decidedly earthy character : 
in fact, aluminium may be looked upon as the type oT an earthy 
oxide ; and the third on account of its constant association witn 
lanthanum and didymium. 



ALUMIiriVM. 

Atomic weight, 27*4 ; symbol, AL 

This metal occurs very abundantly in nature in the state of 
silicate, as in felspar and Its associated minerals ; also in the various 
modifications of clay thence derived. It was first isolated bjr ^ 
Wohler, who obtained it as a grey powder by decomposing alumi-^t 
nium chloride with jiotassium ; and H. Sainte-Claire Deville, byl' 
an improved process founded on the same principle, has succeeded 
in obtaining it in the compact form and on the manufacturing 
scale. The process consists in decomposing the double chloride of 
aluminium and sodium, Al 2 ClQ. 2 NaCl, by heating it with metallic 
sodium, fluor spar or cryolite being added as a flux. The reduction 
is efiected in crucibles, or on the large scale on the hearth of a 
reverberatory furnace. Sodium is used as the reducing agent in 
preference to potassium : first, because it is more easily prepared ; 
and, secondly, because it has a lower atomic weight, ana, con- 
sequently, a smaller quantity of it suffices to do the same amount 
of chemical work. 

Aluminium is also prepared directly from ciyolite by reduction 
with sodium, but the metal thus obtained is said to be more con- 
taminated with iron and silicium than that j>repared by Deville^s 
process. 

Aluminium is remarkable for its low specific cavity, which is 
2*6 : it is nearly as white as silver, and is capable of assuming a 
high polish, [t is employed in the manufacture of delicate appar- 
atus and ornamental articles. Some of the alloys of aluminium 
promise to become more generally applicable, more especially the 
alloy with copper, which is remarkable for being similar in appear- 
ance to gold : this alloy is found in commerce under the name of 
aluminium bronze. 

Aluminium forms only one class of compounds, in all of which 
it appears to be trivalent, one atom of the metal being equivalent 
to three atoms of Itydrogen ; thus the chloride is A1 2^1^, the 
oxide, AF^gO^j Each of these compounds, however, contains 
two atoms of aluminium, and it may therefore be supposed that 

i> A 
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the alumininin is really tetraxlic, one unit of equivalency in each 
atom being neutralised by one unit in the other; thus the chloride 

AlC]j 

Is I , That such is the case is inferred from the resembhince 

AICI3 

of the aluminiiini compouuds to the ferric ami chromic compounds 
(p. 294). 

Aluminium Chloride, Al2Clg. — This compound is obtained in 
solution by dissolving alumina or aluminimii hydrate in hydro- 
chloric acid ; but the solution, when evaporated, gives off hydro- 
chloric acid and leaves alumina. The annydrous chloride may be 
prepared by heating a mixture of alumina and finely divided carbon 
in chlorine gas. 

Pure precipitated alumina is dried and mixed with oil and lamp- 
black, and the mixture, after being strongly calcined in a covered 
crucible, is introduced into a porcelain tube or tubulated earthen 
retort placed in a furnace, and connected at one end with an 
apparatus for evolving chlorine, and at the other with a dry 
receiver. On raising the heat to bright redness, and passing 
chlorine through the apparatus, aluminium chloride distils over, 
together with carbon monoxide, and condenses as a solid mass in 
the receiver : 

AlA -f C3 + Cle = Al^Cle + SCO. 

Aluminium chloride is a transparent waxy substance, having a 
crystalline structure, colourless when jnire, but generally exhibit- 
ing a yellow colour, <lue perhaps to the presence of iron. It boils 
at about 180°, fumes in the air, and smells of hydrochloric acid. 
It is very deliquescent, and dissolves readily in water ; the solution 
when left to evaporate yields the hydrated chloride, AlgClg. 1211^0, 
in six-sided prisms, which when heated are resolved into alumina 
and hydrochloric acid. 

Aluminium and Sodium Chloride^ Al2CIg.2NaCl, is obtained by 
melting together the component chlorides in proper proportions, 
or by adding the requisite quantity of sodium chloride to the 
mixture of alumina and charcoal used for the preparation of alumi- 
nium chloride, igniting the mass in chlorine or hydrochloric acid, 
and condensing the vapour in a receiver. It is a crystalline mass, 
less deliquescent than aluminium chloride, and, therefore, more 
convenient for the preparation of aluminium. 

Aluminium Fluoride, AlgFg, is produced by the action of 
gaseous silicium fluoride on aluminium, and forms cubic crystals, 
volatilising at a red heat, insoluble in water, and resisting the 
action of all acids. 

Aluminium and Sodium Fluoride^ Al^FQ.GNaF, occurs abun- 
dantly, as cryolite, at Evigtok in Greenland, and is prepared arti- 
ficially by pouring hydrofluoric acid in excess on a mixture of 
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calcined alumina and sodium carbonate. Ciyolite forms quadratic 
crystals, colourless, transparent, softer than felspar, and of specific 
gravity 2-96. It is used as already mentioned, for the preparation 
of aluminium, and in Germany for the manufacture of soda for 
the use of soap-boilers. 

Aluminium Oxide. — Alumina, Ai203. — This substance is in- 
ferred to be a sesquioxide from its isomorphism with ferric oxide. 
It is prepared by mixing a solution of alum with excess ?rf ammonia, 
by which an extremely bulky, white, gelatinous precipitate of 
alunimium hydrate is thrown down. This is washed, dried, and 
ignited to whiteness. Thus obhiined, alumina constitutes a white,’ 
tasteless, coherent mass, very little acted upon by acids. It is 
fusible before the oxy-hydrogen blow-pipe. . The mineral called 
corundvm^ of which the ruby and sapphire are transparent varieties, 
consists of nearly pure alumina in a crystallised state, with a 
little coloming oxicle : emery, used for ])olishing glass and metals, 
is a coarse variety of corundum. Alumina is a very feeble base, 
and its siilts have often an acid reaction. 

Aluminium Hydrates. — Aluminium forms three hydrates; 
namely : — 

Monohydrate, . . AlHOg or Al^O^ . H^O 

Dihydrate, . AI2H4O5 or Al^Og , 2H20‘ 

Trihydrate, . . . AI1H3O3 or AlgOg . SHgO . 

The monohydrate is found native, as diaspore^ in translucent 
masses which crumble to powder when heated, and give off the 
whole of their water at 360^. 

The trihydrate is the ordinary gelatinous precipitate obtained 
by treating solutions of aluminium-salts — alum, for example — 
with ammonia or alkaline carbonates. When dried at a moderate 
heat, it forms a soft friable mass, which adheres to the tongue and 
forms a stiff paste with water, but does not dissolve in that liquid. 
At a strong red heat, it parts with its water, and undergoes a very 
great contraction of volume. It dissolves with gi’eat facility in 
acids, and in the fixed caustic alkalis. * When a solution of alumina 
in caustic potash is exposed to the air, the potash absorbs carbonic 
acid, and the aluminium trihydrate is then deposited in white 
crystals, which are but sparingly soluble in acids. 

Aluminium trihydrate has a very powerful attraction for organic 
matter, and when digested in solutions of vegetable colouring 
matter, combines with and canies down the colouring matte^ 
which is thus removed entirely from the liquid if the alumina is 
in sufficient quantity. The pigments called lakes are compounds 
of this nature. The fibre of cotton impregnated with alumina 
acquires the same power of retaining colouring matters : hence 
the great use of aluminous salts as mordants to produce fast colours. 

Aluminium trihydrate occurs native as (fihhsiUy a stalactitic, • 
translucent, fibrous mineral, easily dissolved by acids. 
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Dehydrate. — ^When a dilute solution of aluminium diacetate is 
exposed for several days to a temperature of 100® in a close vessel, 
the acetic acid appears to be set free, although no precipitation of 
alumina takes place. The liquid acquires the teste of acetic acid, 
and if afterwards boiled in an open vessel, gives off nearly the 
whole of its acetic acid, the alumina, nevertheless, remaining in 
solution. This solution is coagulated by mineral acids and by 
most vegetable acids, by alkalis, and by decoctions of dye-woods. 
The I alumina contained in it is, however, no longer capable of 
acting as a mordant. Its coagulum with dye-woods has the colom* 

. of the infusion, but is translucent and totally different from the 
dense opaque lakes which ordinary alumina forms with the same 
colouring matters. On evaporating the solution to dryness at 100®, 
the alumina remains in the form of dihydrate, retaining only a 
trace of acetic acid. In this state it is insoluble in the stronger 
acids, but soluble in acetic acid, provided it has not been pre- 
viously coagulated in the manner just mentioned. Boiling potash 
converts it into the trihydrate.* 

Aluminates. — The hydrogen in aluminium trihydrate may be 
replaced by an equivalent quantity of various metals ; such com- 
pounds are called aluminates. According to Fr^my, a solution of 
alumina in potash slowly evajiorated, out of contact with the air, 
deposits granular crystals of potassium aluminate, Al'"KO^, or 
AI2O3K2O, Similar compounds occur native ; thus Spivdl is an 
aluminate of magnesium, (Al2)''‘Mg"04 ; Gahnitey an aluminate of 
zinc, (Al2y*Zif'04. 

Aluminium Sulphide, AI2S3. — When the vapour of carbon 
bisulphide is j)as8ed over alumina, at a bright red heat, a glassy 
melted mass remains, which is instantly decomposed by water, 
with evolution of sulphuretted hydrogen. 

Aluminium Sulphate, (Al2)^(S04)3 . ISHgO, or Al^Og . 3SO3 . 

imn^y dratCj^ and evaj^mSng ; ^6f, o^tW^ scale, by lieat^; 
cKywItE" sulphuric acid. It crystallises in thin pearly plates, 
soluble in 2 parts of water : it nas a sweet and astringent taste, 
and an acid reaction. Heated to redness, it is decomposed, leaving 
pure almnina. Two other aluminium sulphates, with excess of 
base, are also described, one of which is insoluble in water. 

Aluminium sulphate combines with the sulphates of potassium, 
sodium, and ammonium, and the other alkali-metals, fonning 
double salts of great interest, the alums. Common alum, the 
source of all the preparations of alumina, contains Ar"K(SOA2 . 
I2H2O. It k manufactured on a very large scale from a kind of 
slaty ckyloadedjKQlJb. ^ bisul^ de, which aboimds in certain 
localities. Tlusis gemly" roaSt^T^^ then exposed to the air in 
f a moistened state ; oxygen is absorbed ; the sulphur becomes acidi- 
* Walter Crum, Chem, Soc. Journ., vi. 225. 
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afterwaras^ 1 §|iarated by lixiviation with water* The solutionis 
next concentrated, and mixed with a quantity of potassium 
chlojide, which decomposes the iron-salt, forming ferrtrcesrtifil^ 

sulphate ; the latter combines with the aluminium 
sulphate to form alum. By crystallisation the alum is separated 
from the highly soluble iron chloride, and afterwards easily 
purified by a repetition of the process. Other methods of alum 
making exist, and are sometimes employed. Potassium-alum 
crystallises in colourless, transparent octohedrons which often 
exhibit the faces of the cube. It has a sweetish and astringent 
taste, reddens litmus-paper, and dissolves in 18 parts of water at 
15 ’ 5 °, and in its own weiglit of boiling water. Exposed to heat, 
it is ea,^Il^ rendered anhydrous, and by a ver}’' high temperature it 
is decomposed. The crystals have little tendency to change in 


the air. Alum is largely used in the arts, in preparing skins, 
dyeing, &c>.; it is occasionally contaminated with iron oxide, which 
interferes with some of its ap] dications. The celebrated Roman 
alum, made from alum-stone^ a felspathic rock caltered by sulphur- 
ous vapours, was once much ])rized on account of its freedom from 
this impurity. A mixture of dried alum and sugar, carbonised in 
an open pan, and then heated to redness in a glass flask, contact 
with air t)eing avoided, furnishes i\\Q ]iyro2iliorus of Howherg^ which 


ignites spontaneously on exposure to the air. The essential 
iTigredient is, in all juobability, finely divided potassium sul- 
phide. 

Hodinm-alnm^ in which sulphate of sodium replaces sulphate of 
potassium, has a form and constitution similar to that of the salt 
described : it is, however, much more solulde, and diflScult to 


crystallise. 

Ammonium-alum^ containing NH4 instead of K, very closely 
resembles common potassium alum, having the same figure, appear- 
ance, and constitution, and nearly the same degree of solubility as 


that substance. It is manufactured for commercial use. As the 


value of potassium salts is continually increasing, ammonium-alum, 
which may be used in dyeing with the same advantage as the 
corresponding potassium salt, has almost entirely replaced the 
potassium-alum. When heated to redness, ammonium-alum yields 
I)ure alumina. 

Caesium-alum^ Ar''Cs(S04)2 . ISHgO, and Rubidium - alum^ 
A]'"Rb(S04)2. 12H9O, resemble potassium alum. A silver alum^ 
Ar'Ag(S04)2.12H;0, is formed by heating equivalent quantities 
of argentic and aluminium sulphates till the former is dis- 
solved. It crystallises in regular octohedrons, and is resolved by 
water into its component salts. There is also a thallium alum, 
Ar"Th(SOA2. 12H2O, which crystallises in regular octohedrons. 

Lastly, there are alums isomorphous with those just described, 
in which the trivalent aluminium is replaced by trivalent iron, 
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and manganese : for example, TOtassio-ferric sulphate 
or potassium iron alum, Fe'"K(S04)2.12H20; cmmmio-ckromie 
mlpJiatej Cr'"NH4(S04)2.12H20. These will be described further 
on* 

Few other aluminium salts present especial interest, except the 
silicates; but these latter are of great importance. Silicates of 
aluminium enter into the composition of a number of crystallised 
minerals, among which felspar, by reason of its abundant occur- 
rence, occupies a prominent place. Granite, porphyry, trachyte, 
and other ancient unstratified rocks, consist in great part of this 
iuineral, which, under peculiar circumstances, by no means well 
understood, and particularly by the action of the carbonic acid of 
the air, suffer complete decomposition, being converted into a soft, 
friable mass of earthy matter. This is the origin of clay: the 
change itself is seen in great perfection in certain district, of 
Devonshire and Cornwall, the felspar ol' the fine Avhile granite of 
those localities being often disintegrated to an extraordinary depth, 
and the rock altered to a substance resemhling soft moitar. By 
washing, this finely divided matter is separated from the quartz 
and mica ; and the milk-like liquid, being collected in tanks and 
suffered to stand, deposits the suspended clay, w hich is afterwards 
dried, first in the air, and afterwards in a stove, and employed in 
the manufacture of porcelain. The composition assigned to unal- 
tered felspar is AlKSijOg, or AlKSi04.2Si02, or Al203.K20.6Si02. 
The exact nature ef the change by which felspar passes into porce- 
lain clay is unknowm, althou^ it evidently consists in the abstrac- 
tion of silica and alkali. 

When the decomposing rock contains iron oxide, the clay pro- 
duced is coloured. The different varieties of shale and slate result 
from the alteration of ancient clay-beds, apparently in many 
instances by the infiltration' of water holding silica in solution : 
the dark appearance of some of these deposits is due to bitiuninous 
matter. 

It is a common mistake to confound clay with alumina: all 
clays are essentially silicates of that base ; tliey often vary a good 
deal in composition. Dilute acids exert little action on these 
compounds ; but by boiling with oil of vitriol, alumina is dissolved 
out, and finely divided silica left behind. Clays containing an 
admixture of calcium carbonate are termed marls, and are .recog- 
nised by effervescing with acids. 

A basic aluminium silicate, Al203Si02, is found crystallised, con- 
stituting the beautiful mineral called cyanite. The compounds 
formed by the union of the aluminium silicates with other silicates 
are almost innumerable. A sodium felspar, alhite, containing 
that metal in place of potassium, is known, and there are two 
somewhat similar lithium compounds, spodumene and petalite. 
The zeolites belong to this class ; aimlcime, nepheline, mesotype, &c., 
are double silicates of sodium and aluminium, with water of crys- 
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tallisation. Stilbite^ heulandite, laumontite^ prehmie^ &c., consist of 
calcium silicate combined with silicate of aluminium. The garnets^ 
Oixinite, mica^ &e., have a similar composition, but are anhydrous. 
Iron sesqiuoxide is very often substituted for alumina in these 
minerals. 

Salts of aluminium, when moistened with cobalt nitrate and 
heated before the blow-pij)e, assume a characteristic blue colour. 

Alumina, when in solution, is distinguished without difficulty. 
Caustic potash and soda occasion white gelatinous precipitates of 
aluminium hvdrate, freely soluble in excess of the alkali. Ammonia 
produc s ounilar precipitate, insoluble in excess of the recagent. 
The alkaline carbonates and carbonate of ammonia precipitate the 
lydrate, with escape of carbonic acid. The precipitates arc insol- 
uble in excess. 

Ammonium sulphide also i)roduces a white precipitate of alumin- 
i ium hydrate. 

BERYLLIUM, or GLUOINUM. 

Atomic weight, 9*4; symbol, Bo. 

Tkis somewhat rare metal occurs as a silicate, either alone as in 

I denacite, or associated wuth other silicates, in beryl, eticlase, 
cacophane, helvite, and several varieties of gadR)linite ; also as an 
aliminate in chrysoberyl or cymophane. 

Metallic beryllium is obtained by passing the vapour of the 
clloride over melted sodium. It is a white metal of specific gravity 
21 ; it may be forged and rolled into sheets like gold ; its melting 
print is below that of silver. It does not decompose water at the 
bcjiling heat. Sulphuric and hydrochloric acids dissolve it, with 
ev)lution of hydrogen. 

Beryllium forms but one class of compounds, and there is con- 
sUerable doubt as to its atomic weight and equivalent value. On 
the one hand it is regarded as a dyad, like calcium and magnesium, 
with the atomic weight 9*4, its chloride being BeCl 2 , its oxide, 
HO ; on the other hand, as a tetrad, like aluminium, with apparent 
ti-^uivalent value, on which supposition its chloride would be 
IbgCle, its oxide, Be^O.^, and its atomic w’^eight 14 ; but the former 
v[ew appears, on the" whole, to be most in accordance with observed 
ficts. 

Beryllium Chloride, BeCL, is formed by heating the metal 
ia chlorine or hydrochloric acid gas, or by the action of aqueous 
hydrochloric acid on the metal or its oxide. 

TTie anhydrous chloride is prepared by passing chlorine over an 
/gnited mixture of beryllia and cUarcoal. It is less volatile than 
^luminium chloride, very deliquescent, and easily soluble in water. 
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Beryllium Oxide. — Beryllia, BeO. — This earth inay l>e pre- 
pared from beryl, or either of the other beryllium siliwites, ]>>- 
fusing the finely j)ouTuled mineral with potassium carbonate or 
quicklime ; treating the fused mass with hydrochloric acid ; eva- 
porating to dryness; then moistening the residue with hydr(»- 
chloric acid, and treating it with water, whereby eveiything is 
dissolved except the silica. The filter^ liquid is then mixed 
with excess of ammonia solution, which throws down a bulky 
precipitate containing both alumina and beryllia ; this precipitate 
18 well washed, and the beryllia is dissolved out from the alumina 
W digestion in a cold strong solution of ammonium carbonate. 
Tlie liquid is again filtered, and on boiling it, beryllium carbonate 
is deposited as a white powder, w'hich, when ignited, leaves pure 
beryllia. / 

Beryllia is very much like alumina in physical characters, and' 
further resembles that substance in being readily dissolved by 
caustic potash or soda; but it is distinguished from alumina by 
its solubility, when recently precipitated, in a cold solution ol 
ammonium carbonate. Beryllium salts have a sweet taste, whence 
the former name of the metal, ghicinmn (from yT^vKv^). They art 
colourless, and are distinguished from tliose of aluminium by no/ 
yielding an alum with potassium sulphate, nor a blue colour whei 
heated before the blowpijie with cobalt nitrate ; also by thef* 
reaction with ammonium carbonate. 


ZinCONIJJlUL. 

) 

Atomic weight, 89*6; symbol, Zr. 

This is a tetrad metal, intermediate in many of its pro])erti(|^ 
between aluminium and silicium. Its oxide, zirconia, was firii 
obtained by Klaproth, in 1789, from zircon, which is a silicate rf 
zirconium. It has since been found in fergusonite, eudialyte, ai^l 
two or three other rare minerals. 

Zirconium, like silicium, is capable of existing in three differerit 
states, amorphous, crystalline, and graphitoidal. The amorphoiB 
and crystalline varieties are obtained by processes similar to those 
described for preparing the corresponding modifications of silicium; 
graphitoidal zirconium was obtained, by Troost, in attempting ti 
decompose sodium zirconate with iron, in light scales of a steel 
grey colour. Amorphous zirconium when heated in the air takei 
fire at a heat somewhat below redness, and burns with a brighi 
light forming zirconia. Crystalline zirconium forms very hard 
brittle scales resembling antimony in colour and lustre ; it burns 
in the air only at the heat of the oxy-hydrogen blow-pipe, but 
takes fire at a red heat in chlorine gas. Zirconium is but little 
attacked by the ordinary acids ; but hydrofluoric acid dissolves it 
readily, with evolution of hydrogen. 



ZIRCONIUM. 


377 


Zirconium Oxide, oi- Ziuconia, ZrOL, is pre])arecl by strongly 
igniting zircon (zirconiiini silicate), witfi four times its weight of 
(iry sodium carl)onate and a small quantity of sodium hydrate. 
The silica is se])arate(l from the fused mass by hydrochloric acid, 
as described in the case of beryllia ; the resulting solution is treated 
with ammonia, which throws down zirconia generally mixed with 
ferric oxide ; the precipitate is redissolved in hydrochloric acid ; 
and the solution is boiled with excess of sodium thiosulphate as 
long as sulphurous acid continues t,o escape, whereby pure zirconia 
is precipitated, the whole of the iron remaining in the solution. 
Zirconia thus obtained forms a white powder or hard lumps of 
specific gravity 4’35 to 4 * 9 . By fusing it with borax in a pottery 
furnace and dissolving out the soluble salts with hydrochloric acid, 
zirconia is obtained in small quadratic prisms isomorphous with 
the native oxides of tin and titanium. 

Zirconium hydrates are obtained by precipitating the solution 
of a zirconium salt with ammonia ; the precipitate contains 
ZrHgOg = ZrOj.HjO, or ZrH404 = Zr02.2H20, according to the 
temperature at which it is dried. 

Zirconia acts both as a base and as an acid. After ignition it is 
insoluble in all acids except hydrofluoric and very strong sulphuric 
acid, but the hydrate dissolves easily m acids, forming the zir- 
conium salts ; the normal sulphate has the composition Zr'''(S04)2, 
orZr 02 . 2 S 03 . 

Compounds of zirconia with the stronger bases, called zircon- 
ates, are obtained by precipitating a zirconium salt with potash 
or soda, or by igniting zirconia with an alkaline hydrate. Potas- 
dum zirconate dissolves completely in water. Three sodium zircon- 
ates have been formed, containing Na^ZrOg = NajO.ZrOj ; 
Na,Zr04 = 2Na20.Zr02; and NtuZrgOjy = Na20.8Zr02. 

Zirconium Fluoride, ZrF4. — This comjiound is obtained by 
dissolving zirconia, or the hydrate, in hydrofluoric acid; or in 
the anhydrous state, by igniting zirconia with ammonium and 
hydrogen fluoride till all the ammonium fluoride is driven off. 
It unites with other metallic fluorides, forming double salts, called 
zircofluorides or fluozirconates, which are isomorphous 
with the corresponding silicofluorides, stannottuorides, and titano- 
fluorides, and are mostly represented by the formulae — 

4MF.ZrF4; 3MF.ZrF4; 2MF.ZrF4; MF.ZrF*, 

in which M denotes a monad metal. The sotlium salt, however, 
has the composition 6Nar.3ZrF4. 
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THOBINTJU) or THORIUM. 

Atomic vreiglit, 231*5 ; symbol, Th. 

This very rare metal was discovered in 1828 by Berzeliim, in 
thorite, a mineral from the Norwegian island Lovon, in which it 
exists as a silicate. It has since been found in euxenite, pyrochlore, 
and a few other minerals, all veiy scarce.. 

Metallic thorinum is obtained by reducing the chloride with 

f )otassium or sodium, as a grey powder, which acquires metallic 
astre by pressure, and has a density of 7*66 to 7*9. It is not 
oxidised by water, dissolves easily in nitric, slowly in hydrochloric 
acid, and is not attacked by caustic alkalis. 

Thorinum forms but one class of compounds, in all of which it 
is bivalent 

Thorinum Oxide, or Thorina, ThOg, is prepared by decompos- 
ite thorite with hydrochloric acid, separating the silica in the 
usual way, treating the filtered solution with hydrogen sulphide 
to semrate lead and tin, and precipitiiting the thorina by ammonia, 
together with small quantities of the oxides of iron, manganese, 
ana uranium. To get rid of these, the precipitate is redissolvecl 
in hydrochloric acid, and the hot saturated .solution is boiled with 
a solution of neutral potassium sulphate. The thorinum is thereby 
precipitated as thorinum and potassium sulphate ; and from the 
solution of this salt in hot water, the thorinum is precipitated as 
a hydrate, which, on ignition, yields pure thorina, 

Thorina is white, and very heavy, its specific gravity being 
9*402. After ignition it is insoluble in nitric and hydrochloric 
acids, and dissolves in strong sulphuric acid only after prolonged 
heating. The hydrate precipitated from thorinum salts by alkalis 
dissolves easily in acids. 

Thorinum Chloride, ThCl 4 , prepared by igniting an intimate 
mixture of thorina and charcoal in chlorine gas, sublimes in white 
shining crystals. It forms double salts with the chlorides of the 
alkali-metals. 

Thorinum Sulphate, Th‘’S 04 , crystallises with various quan- 
tities of water, according to the temperature at which its solution 
is evaporated. Thorinum and potassium sulphate, Th'^K 4 (S 04 ) 4 . 
2 H 2 O, separates as a crystalline powder when a crust of potassium 
sulphate is suspended in a solution of thorinum sulphate. It is 
easily soluble in water, but insoluble in alcohol and in solution 
of potassium ndphate. 
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CB&IUM.— lanthanum.— DID YMinU. 

Ce = 92. -La = 93*6.-Di == 95. 

These three metals occ\ir together as silicates in the Swedish 
mineral cerite, also in allanite, orthite, and a few others ; and as 
phosphates in monazite, edwardsite, and cryptolite, a mineral 
occurring disseminated through apatite and through certain cobalt 
ores. 

Cerium was discovered in 1803 by Klaproth, and by Hisinger 
and Bei'zelius, who obtained it in the form of oxide from cerite. 
This is completely decomposed by boiling with strong 

hydrochloric acid, silica being separated, and the cerium, together 
with iron and other metals, dissolving as chloride. On treating 
the acid solution thus obtained with oxalic acid, cerium oxalate is 
precipitated as a white crystalline powder, which, when ignited, 
leaves a brown oxide. The product thus obtained was for some 
time regarded as the oxide of a single metal, cerium ; but in 1839 
and 1841, Mosander* showed that it contained the oxides of two 
other metals, which he designated as lanthanumt and didy- 
mium.J 

Cerium oxide may be separated from the oxides of lanthanum 
and didymiuiu by treating the crude browm oxide above men- 
tioned, first with dilute and then with strong nitric acid, which 
gradually removes the whole of the lanthanum and didymium 
oxides. . 

The separation of these two oxides one from the other is much 
more difficult, and can be effected only by succ.essive crystallisa- 
tion of their sulphates. If the lanthanum salt is in excess, in 
which case the solution of the mixed sulphates has only a faint 
amethyst tinge, the liquid ivS evaporated to dryness, and the residue 
heated to a temperature just below redness, to render the sulphates 
anhydrous. The residue thus obtained is then to l}e added by 
small portions to ice-cold water, wliich dissolves it easily, and 
the resulting solution heated in a water-bath to about 40®. Lan- 
thanum sulphate then crystallises out, containing only a small 
quantity of didymium, and may be further purified by repeating 
the whole process. If, on the other hand, the didymium salt is 
in excess, in which case the liquid has a decided rose colour, sepa- 
ration may be effected by leaving the acid solution in a warm 

E lace for a day or two. Didymium sulphate then separates in 
irge rhombohedral crystals. 

Metallic cerium, lanthaniun, and didymium are obtained by 
reducing the chlorides Avith sodium, in the form of grey j^owders, 
which aecompose water at ordinary temperatures, and dissolve 
rapidly in dilute acids with evolution of hydrogen. 

* Poggendorffs Annalen, xlvi. 648 ; xlvii. 207 ; Ivi. 504. 
t From \av6dp€ii/, to lie hid. J Prom SCSv/uloi, twins. 
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Cerium forms three series of compounds: the cerous com- 
pounds, in which it is bivalent, CeClg, CeO, CeS04; the 
ceric compounds, in which it is apparently trivalent, but really 

CeFj 

quadrivalent, like the ferric salts, e.gr., ceric fluoride, 062^3= I ; 

CeFg 

and the ceroso-ceric compounds, of intermediate composition, 
and, perhaps, consisting of compounds of the other two, e.g.j ceroso- 
ceric oxide, 06304= CeO. 06203. 

Gerotis oicide, CeO, is obtained by igniting the carbonate or oxa- 
late in a cuiTent of hydrogen, as a greyish-blue powder, quickly 
converted into ceroso-ceric oxide on exposure to the air. Its salts 
are colourless. The sulpluite^ CeS04, crystallises with various 
quantities of water, according to the temperature at which it is 
deposited. Cerium and potassium sulphate^ CeK2(®^4)2> separate?^ 
as a white powder on immersing solid potassium sulphate in a 
solution of a cerous salt. It is slightly soluble in pure water, but 
insoluble m a siiturated solution of j)otassium sulphfite. Tlie 
formation of this salt affords the means of separating ceriiun from 
most other metals. 

The only ceric compounds actually known are the fluoride, 002^6, 
already mentioned, which may be obtained as a yellow precipitate, 
and likewise occurs native as fluocerite, and an oxyfluoritfe, Ce4F^j03, 
occurring as fluocerine at Finnbo, in Sweden. 

0=Ce 

1 >0 

Ceroso-ceric oxide,'*' €6304, or Ce , analogous in composi- 

j>0 

0=::Ce 

tion to ferrosoferric or magnetic iron oxide, is produced when 
cerous hydrate, carbonate, or nitrate is ignited in an oi)en vessel. 
It is yellowish- white, acquires a deep orange-red colour when 
heated, but recovers its original tint on cooling. It is not converted 
into a higher oxide by ignition in oxygen. Ceroso-ceric hydrate, 
06304.31120, obtained by passing chlorine into aqueous potash in 
which cerous hydrate is suspended, is a bright yellow precipi- 
tate, which dissolves readily in sulphuric and nitric acids, form- 
ing yellow solutions of ceroso-ceric salts; and in hydrochloric 
acid, with evolution of chlorine, forming colourless cerous 
chloride. 

The solution of the sulphate yields hy spontaneous evaporation, 
first, hrown-red crystals of the salt, Ce^(SO4)0. 18 aq., or 3Ue"S04. 
(Ce9y*(S04)3.18 aq., and afterwards a yellow indistinctly crys- 
talline salt, containing Ce"S04.(Ce2y*(S0"4)3 . 18 aq. 

All ceroso-ceric compounds, when heatecl with hydrochloric acid, 

• A sesquioxide, is commonly said to exist, and is designated as 

ceric oxide, but there is no proof of its existence ; neither ari any salts of 
analogous composition known with certainty. 
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give off chlorine, and are reduced to the corresponding cerous com- 
pounds; thus: 

CejOi -f 8HC1 = SCeag + 4 H 2 O 

Lanthanum is^bivalent, 'forming only one set of compounds, viz., 
LaClg, LaO, LaS04. There is, however, a higher oxide, the com- 
position of which is not exactly known. Lanthanum salts are 
colourless; their solutions yield, with alkalis, a precipitate of 
lanthanum hydrate, LaH202, or La0.H20, which, when ignited, 
leaves the white anhydrous monoxide. Both the hydrate and the 
anhydrous oxide dissolve easily in acids. Lanthanum sulphate 
forms small prismatic crystals, containing LaS04.3H20. Lantha- 
num a' id vofassium sulphate, LaK2(S04)2 is formed, on mixing the 
solution of lanthanum salt with potassium sulphate, as a white 
crystalline jirecipitate, resembling the corresponding ceriuiii salt. 

Didymium is also bivalent; its salts are rose-coloured, and 
their solutions give, with alkalis, a pale rose-coloured precipitate 
of the hydrate, I)iH202, which, when ignited in a covered crucible, 
leaves the anhydrous monoxide, DiO, in w’hite, hard lump.s. When, 
however, the hydrate, nitrate, carbonate, or oxalate of didymium 
is heated in contact with the air, and not very strongly, a dark- 
brown peroxide is left, containing from 0*8 to 0-9 per cent, 
oxygen more than the monoxide. This, when treated with acids, 
dissolves readily, giving off oxygen and yielding a salt of the 
monoxide. 

Didymium sidphate separates from an acid solution, by spon- 
taneous evaporation, in well-defined rhombohedral crystals, exhi- 
biting numerous secondary faces, and containing SDiSO^.S aq. : 
they are isomorphous with the similarly constituted sulphates of 
yttrium, erbium, and cadmium. The sulphate is more soluble in 
cold than in hot water, and a solution saturated in the cold, 
deposits, when heated to the boiling point, a crystalline powder 
containing DiS04.2 aq. 

Didymium and potassium sulphate, DiK2(S04)2 resembles the 
lanthanum salt. 

Solutiomiof didymium salts exhibit a w'ell-marked absorption 
spectrum,* containing two black lines inclosing a very bright space. 
One of these black lines is in the yellow, immediately following 
Fraunhofer’s line D ; the other is situated between E an<i b. These; 
characters can be distinctly recognised in a solution half an inch 
deep, containing only O’Ol per cent, of didymium salt. Lanthanum 
salts do not exhibit an absorption spectrum. 

* See Lioht, p. 80. 
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YTTRIUM AND ERBIUM. 

Y = 61-7. Eb = 112-6. 

These metals exist as silicates iii the gatlolinite or ytterbite of 
Ytterby in Sweden, and in a few other rai-e minerals. A third 
metal, called terbium, has also been supposed to be associated 
with them ; but recent experiments, especially those of Bahr and 
Bunsen,* have thrown very great doubt upon its existence. 

To obtain the earths, yttria and erbia, in the separate state, 
gadolinite is digested with hydrochloric acid, and the solution 
separated from the silica is treated with oxalic acid, which throws 
down the oxalates of erbium and yttrium, together with those of 
calcium, cerium, lanthanum, and didymium. These oxalates 
converted into nitrates ; the solution is treated with excess of solid 
potassium sulphate, to separate the cerium metals; the erbium 
and yttrium, which still remain in solution, are again precipitated 
by oxalic acid ; and the same treatment is repeated, till the solu- 
tion of the mixed earths, when examined by the spectral apparatus, 
no longer exhibits the absorjition bands characteristic of didy- 
, mium. To separate the erbia and yttria, they are again precipi- 
tated by oxalic acid. The oxalates are converted into nitrates, 
and the nitrates of erliiiun and yttrium are separated by a series 
of fractional ciystallisations, the erbium salt being the less soluble 
of the two, and crystallising out first ; but the process re<iuires 
attention to a number of details, which cannot be here described.t 
Metallic erbium has not been isolated. Yttrium (containing 
erbium) was obtained by Berzelius, as a blackish grey powder, by 
igniting yttrium chloride with potassium. 

Erbict^ EbO, obtained by ignition of erbium nitrate or oxalate, 
has a faint rose colour. It does not melt at the strongest white 
heat, but aggregates to a spongy mass, glowing with an intense 
green light, which, when examined by the spectroscope, exhibits a 
continuoics spectrum intersected by a number of bright bands. 
Solutions of erhium-mlts, on the other hand, give an absorption- 
spectrum exhibiting dark bands, and the points of maximum inten- 
sity of the light hands in the emission-spertrniyi of 0owing erbia 
coinctde exactly in position \oith the points of greatest darkness in the 
ahsorption-sppxtrum. The position of these bands is totally dif- 
ferent from those in the emission and absorption-spectra of di<^- 

Erbium salts have a rose-red colour, deeper in the hydrated 
than in the anhydrous state ; they have an acid reaction and sweet 
{istringent taste. The sulphate, BEbSO^.S aq., forms light rose- 

♦ Ann. Ob. Pbarm. cxxxvii. 1. 

+ See Watts’s Dictionary of Chemistry,” vol. v. p. 721. 

X The paper by Bahr and Bunsen, above referred to, is accompanied by 
exact diagrams of the erbium and didymium spectra. 
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cnlt>ured crystalf^, iaomorplious with the sulphates of yttrium and 
didyiiiiuin. 

Yttriciy YO, is a soft, nearly white powder, wjiich when ignited 
glows with a pure white light, and yields a spectrum not contain- 
ing any bright bands, like that of erbia. It does not unite directly 
with water, but is precipitated as a hydrate by alkalis, from solu- 
tions of yttrium-salts. It dissolves slowly but completely in 
hydrochloric, nitric, and sulphuric acids, forming colourless solu- 
tions, which do not exhibit an absorption-spectrum. 

Yttrium sulphate, 3 YS 04 . 8 aq., foims small colourless crystals. 


Reactions of the Earth-metals. 

1, All these metals are precipitated from their solutions by 
ammonium sulphide, as hydrates, not as sulphides. They are not 
precipitated by hydrogen sulplnde. 

2, The hydrates of aluminium and beryllium are soluble in 
caustic potash; those of the other earth-metals are insoluble. 

3. Beryllium hydrate dissolves in a cold saturated solution of 
ammonium carbonate, and is precijiitated, as carbonate, on boiling. 
Aluminium hydrate is insoluble in ammonium carbonate (see 
further, p. 375). 

4. Of the earth-metals whose hydrates are insoluble in potash, 
— namely, zirconium, thorinum, cerium, lanthanum, didymium, 
erbium, and yttrium, — zirconium and thorinum may be preci- 
pitated as thiosulphates by boiling the solution with sodium thio- 
sulphate, the other metals remaining in solution. The precipitate 
when ignited leaves pure zirconia and thorina, or a mixture of the 
two. 

6. Zirconium and thorinum may be separated one from the 
other by means of ammonium oxalate, which, when added in 
excess, precipitates the thorinum as oxalate, and leaves the 
zirconium in solution. 

6. Cerium, lanthanum, and didymium are separated from 
yttrium and erbium by adding an excess of potassium sulphate, 
which throws down the cerium metals, leaving yttrium and 
erbium in Sblution ; to ensure complete precipitation, the solution 
must be left in contact for some time with a piece of solid potas- 
sium sulphate. 

Cerium may be separated from lanthanum and didymium, as 
already observed, by treating the mixed oxides seveml times with 
nitric cbcid (p. 379). Another method is to boil the mixed oxides 
(the cerium being in the state of ceroso-ceric oxide) with solution 
of sal-ammoniac. The lanthanum and didymium then gradually 
dissolve, as chlorides, while the cerium remains as ceroso-ceric 
oxide. A third method is to precipitate the solution of the three 
metals with excess of potash, and pass chlorine in excess through 
the solution and precipitate; the cerium is then separated as 
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bright yellow ceroao-ceric hydrate, while the lanthanum and didy- 
mium rediesolve as chlorides. TMs reaction serves to detect very 
small quantities of cerium mixed with the other two metals. 
Cerium is further distinguished by the hght-yeUow colour of 
anhydrotis ceroao-ceric oxide, and by the reaction of its compounds, 
when fused before the blow-pipe with borax or phosphorus s^t, 
the glass thus formed being deep red while hot, and becoming 
colouriess on cooling. Didymium is distinguished by the dark- 
brovm colour of its higher oxide ; by the pale rose-colour wluch 
its salts impart to a bead of borax or phosphorus salt ; and by the 
peculiar character of its absorption-spectrum (p. 383). 

The methods of separating lanthanum from didymium, and 
yttrium from erbium — imperfect at the best — have been already 
noticed. 

MANUFAOTUBE OF GLASS, PORCELAIN, AND EARTHENWARE. 

Glass, — Glass is a mixture of various insoluble sibcales with 
excess of silica, altogether destitute of crystalline structure ; the 
simple silicates, formed by fusing the bases with silicic acid in 
equivalent proportions, very often ciystallise, which happens also 
ivith the greater number of the natural silicates included among 
the earthy minerals. Compounds identical with some of these are 
also occasionally formed in artificial processes, where large masses 
of melted glassy matter are suffered to cool slowly. The alkaline 
silicates, when in a state of fusion, have the power of dissolving 
a large quantity of silica. 

Two principal varieties of glass are met w^illi in cotnnwree, 
namely^ glass composed of silica^ alkali, and lime ; mul glass con- 
taining a large proportion of lead silicate ; crown and plate glass 
belong to the former division ; flint glass, and the material of arti- 
ficial gems, to the latter. The lead promotes fusibility, and con- 
fers also density and lustre. Common green bottle-glass contains 
no lead, but much silicate of iron, derived from the impure mate- 
rials. The principle of the glass manufacture is very simple. 
Silica, in the shape of sand, is heated with potassium or sodium 
carlx)nate, and slaked lime ox lead oxide ; at a high temperature, 
fusion and combination occur, and the carbonic acid is expelled. 
Glauber^s salt mixed with charcoal is sometimes substituted for 
soda. When the melted mass has become perfectly clear and free 
from air-bubbles, it is left to cool until it assmnes the peculiar 
tenacious condition proper for working. 

The operation of fusion is condi^cted in large crucibles of refrac- 
tory fire-clay, which in the case of lead-glass are covered by a 
dome at the top, and have an opening at the side, by which the 
materials are introduced, and the melted glass withdrawn. Great 
care is exercised in the choice of the sand, which must be quite white 
and free from iron oxide. Red lead, one of the higher oxides, is 
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E refeiTed to litharge, although immediately reduced to monoxide 
y the heat, the liberated oxygen serving to destroy any combus- 
tible matter that might accidentally find its way into the crucible, 
and stain the glass by reducing a portion of the lead. Potash 
gives a better glass than soda, although the latter is very generally 
employed, from its lower price. A certain proportion of broken 
and waste glass of the same kind is always added to the other 
materials. * 

Articles of blown glass are thus made : The workman begins by 
collecting a proper quantity of soft pasty glass at the end of his 
blo\o-pipe^ an iron tube five or six feet in length, terminated by a 
mouth-piece of wood ; he then begins blowing, by which the lump 
is expanded into a kind of flask, susceptible of having its form 
modified by the position in which it is held, and the velocity of 
rotation continually given to the iron tube. If an open-mouthed 
vessel is to be made, an iron rod, called a pmitil or piintil^ is * 
dipped into the glass pot and applied to the bottom of the flask, 
to which it thus serves as a handle, the blow-pipe being removed 
by the a2)plic“ition of a cold iron to the neck. The vessel is then 
j'eheated at a hole left for the purpose in the wall of the 
furnace, tlie aperture enlarged, and the vessel otherwise altere<l in 
figure by the aid of a few simple tools, until completed. It is 
then detached, and carried to the annealing oven, where it under- 
goes slow and gradual cooling during many hours, the olqect of 
which is to obviate the excessive brittleness always exhibited by 
glass which has been quickly coole<l. The large circular tables of 
crown glass are made by a very curious process of this kind: the 
globular flask at first. j)roduced, transferred from the blow-])ipe to 
the pontil, is suddenly made to assume the form of a flat disc by 
the centrifugal force of the rapid rotatory movement given to the 
rod. Plate glass is cast upon a flat metal table, and, after very 
careful annealing, ground true and polished by suitable machinery. 
Tubes are made by rapidly drawing out a hollow cylinder ; and 
from these a gi^eat vai’iety of useful small apparatus may be con- * 
structed with the help of a lamp and blow-pipe, or, still better, the 
bellows-table of tlie barometer-maker. Small tubes may be bent 
in the flame of a spirit-lami^ or gas-jet, and cut with great ease by 
a file, a scratch being made, and the two portions pulled or broken 
asunder in a way easily learned by a few trials. 

Specimens of the two chief varieties of glass gave the following 
results on analysis : — 


Bohemian plate f^lass (excellent). 

Silica, . . . 60*0 

Potassium oxide, . 25‘() 

Lime, . . 12-6 


97-u 


English flint glass. 

Silica, . . . 51*93 

Potassium pxidt*, . . 13*77 

Lead oxide, . . 33*28 


98*98 

2 B 



m 




Tlve ^ett\Uy fuslUe wWte Boliemian so valuable iu 
or^ttiic analysiss bas been found to contMn, in IW pi\rts— 


Smca, ....... 72-80 

Lime, with trace of aliuuina, . . 9-68 

Magnesia, *40 

Pots\8sium oxide, 16-80 

Traces of manganese, &c., and loss, . . ‘32 


• 

Different colours are often communicatetl to glass by metallic 
oxides. Thus, oxide of cobalt gives deep blue ; oxide of manganese, 
amethyst ; cuprous oxide, ruby-red ; cupric oxide, green ; the 
oxides of iron, dull green or brown, &;c. These are either added 
to the melted contents of the glass-pot, in which they dissolve, or 
applied in a particular manner to the surface of the plate or other 
object, which is then reheated, until fusion of the colouring matter 
occurs : such is the practice of enamelling and glass-painting. n 
opaque white appearance is given by oxide of tin ; the enamel of 
watch -faces is thus prepared. 

When silica is melted with twice its weight of potassium or 
sodiuiti carbonate, and the product treated with water, the greater 
part dissolves, yielding a solution from which acids precipitate 
gelatinous silica. This is the soluble glass of Professor Fuchs ; its 
solution has been used for rendering muslin and otlier fabrics of 
cotton or linen less combustible, for making artificial stone, and 
preserving natural stone from decay, and for a peculiar style of 
mural painting called stereochromyj^ 

Porcelain and Earthenware , — The plasticity of natural clays, and 
their hardening when exposed to heat, are properties which sug- 
gested in very early times their ap})lication to the making of 
vessels for the various purposes of daily life; there are few 
branches of industry of higher antiquity than that exercised by 
the potter. 

True porcelain is distinguished from earthenware by very 
, obvious characters. In porcelain the body of the ware is very 
- compact and translucent, and breaks with a conchoidal fracture, t 
symptomatic of a commencement of fusion. The glaze, too, 
applied for giving a perfectly smooth surface, is closely adherent, 
and, in fact, graduates by insensible degrees into the substance of 
the body. In earthenware, on the coiitrary, the fractuie is open 
and earthy, and the gla2^e detachable with greater or less facility. 
The compact and partly glassy character of porcelain is the result 
of the admixture with the clay of a small portion of some substance 
’ such as felspar, or a calcic or alkaline silicate, which is fusible at * 
the temperature to which the ware is exposed when baked or firM, 
and being absorbed by the less fusible portion, binds the whole into 
a solid mass on cooling. The clay employed in porcelain-making 

♦ See Ricliardson and Watte'e '' Cliemical Teclmology/' vol.- i. part iv. 
pp. 69-104. 
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ijB always directly derived from decom^I^ed' "felspar, none of the 
clays of secondary strata being pure enough for the purpose : 
it must be white, and free from iron oxide. To diminish the con- 
traction which this substance undergr in the fire, a quantity of 
finely divided silica, carefully prepareu by crushing and grinding 
calcined flints or chert, is added, together with a proper proportion 
of felspar or other fusible material, also reduced to impalpable 
powder. The utmost pains are taken to effect perfect uniformity 
of mixture, and to avoid the introduction of particles of grit, or 
other foreign bodies. The ware itself is fashioned either on the 

g otter^s wheel — a kind of vertical lathe — or in incmlds of plaster of 
aris, and dried first in the air, afterwards by artificial heat, and 
at length completely hardened by exposure to the temperature of 
ignition The porous biscuit is now fit to receive its glaze, which 
may be either ground felspar, or a mixture of gypsum, silica, and 
a little porcelain clay, diffused through water. The piece is 
dipped for a moment into this mixture, and withdrawn; the water 
sinks into its substance, and the powder remains evenly spread 
upon its surface ; it is once more dried, and, lastly, fired at an 
exceedingly high temperature. 

The porcelain -furnace is a circular structure of masonry, having 
several fire-places, and surmounted by a lofty dome. Dry wood 
or coal is consumed as fuel, and its flame directed into the interior, 
and made to circulate around and among the earthen cases, or 
seggars^ in which the articles to be fired are packed. Many hours 
are required for this operation, which must be very carefully 
managed. After the lapse of several days, when the furnace has 
completely cooled, the contents are removed in a finished state, so 
far as regards the ware. 

The ornamental part, consisting of gilding and jDainting in 
enamel, has yet to be executed ; after which the pieces are again 
heated, in order to flux the colours. The operation has sometimes, 
to be repeated more than once. 

The manufacture of porcelain in Europe is of modern origin; 
the Chinese have possessed the art from the commeiicemeat of the 
seventh cenlairy, and their ware is, in some respects, altogether 
unequalled. The materials employed by them are known to be 
kaoliuj or decomposed felspar; petuntze^ or quartz reduced to fine 
powder;, and the ashes of fern, which contain potassium car- 
bonate. 

Stoneware , — This is a coarse kind of porcelain, made from clay 
containing oxide of iron and a little lime, to which it owes its 
partial fusibility. The glazing is performed by throwing common 
salt into the heated furnace: this is volatilised, and decomposed 
by the joint agency of the silica of the ware and of the vapour of 
water always present ; hydrochloric acid and soda are produced, 
the latter forming a silicate, wMch fuses over the surface of the 
ware, and gives a thin, but excellent gla^e. 
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Earthemvare, — The finest kind of earthenware is made froiu a 
>vhite secondary clay, mixed with a considerable ([uantitjj^of silica. 
The articles are thoroui^hly dried and fired ; after which they are 
dipped into a readily fusible glaze mixture, of which leml oxide is 
usually an iiin)oiiant iiigredieid, and, when dry, reheateil to the 
point of fusion of the latter. The whole process is much easier of 
execution than the making of porcelain, and demands less care. 
The ornaineiiial det<i^ns in blue and other coloum, so coininon 
upon plates and household articles, are printed upon paper in 
enaiuel i>igment niixeil with oil, and transferred, Avlale still wet, 
to the unglazed •ware. When the ink becomes dry, the paper is 
washed off, and the glazing com])leted. 

The coarser kinds of earthenware are sometimes covered with a 
whitish opaque glaze, which contains the oxides of lead and tin : 
such glaze is very liable to be attacked by acids, and is dangerous 
for culinary vessels. 

Crucibles, when of good quality, are very valuable to the 
chemist. They are made of clay free from lime, mixed 'with sand 
or ground Avare of the same description. The Hessian and Cornish 
crucibles are among the best. Sometimes a mixture of plumbago 
and clay is employed for llie same purpose ; and powdered coke 
has been also used with the earth: such cioicibles bear rapid 
changes of tenqieralure with impunity. 


GROUP HI. 

MAGNESIUM. 

Atomic weight, 24 ; symbol. Mg. 

This metal was formerly classed with the metals of the alkaline 
earths, but it is much more nearly related to zinc hy its properties 
in the free state, as well as by the volatility of its chloride, the 
solubility of its sidphate, and the isomori)hisiu of several of its 
compounds with the analogously constituted compounds of zinc. 

Magnesium occurs in the mineral kingdom as hydrate, carbonate, 
boratej phosphate, sulphate, and nitrate, sometimes in the solid 
state, sometimes dissolved in mineral waters : magnesian lime- 
stone, or dolomite, wliich fonns entire mountain masses, is a car- 
bonate of magnesium and calcium. Magnesium also occurs as 
silicate, combined with other silicates, in a vaiiety of minerals, as 
steatite, hornblende, augite, talc, &c. ; also as aluminate in spinelle 
and zeilanite. It likewise occui's in the bodies of plants and 
animals, chiefly as carbonate and phosphate, and in combination 
with organic acids. 

Metallic magnesium is prepared : 

1. By the electrolysis of msed magnesium chloride, ox, better, 
of a mixture of 4 molecules of magnesium chloride and 3 molecules * 
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of potasBJum chloride with a small quantity of sal-ammoniac. A 
convenient way of etfecfing the reduction is to fuse the mixture 
in a conitiion clay tobacco-pipe over an Argand spirit-lamp or gas- 
burner, the negative pole being an iron wire j)assed up the pipe- 
stem, and the positive pole a piece of c^^as-coke, just touching the 
surface of the fused chlori<les. On pas. iUg the currenhof a battery 
of ten Bunsen^s cells through the arrangement, the magnesium 
collec'ts round the extremity of the iron wire. 

2, Magnesium may be prepared in much larger quantity by 
reducing magnesium chloride, or the double chloride of magne- 
sium and sodium or ])otassium, with metallic sodium. The doutde 
chloride is prepared by dissolving magnesium carbonate in hydro- 
chloric acid, adding an equivalent quantity of sodium or potassium 
chloride, evaporating to dryness, and fusing the residue. This 
product, Loaded with sodium in a wrought-iron crucihle, yields 
metallic magnesium, containing certain impurities, from w’hich it 
may bo freeil by distillation. This process is now carried out on 
the manufacturing scale, and the magnesium is drawn out into 
wire or formed into riband for burning.* 

Magnesium is a brilliant metal, almost as white as silver, some- 
what more brittle at common tem[)eratures, but malleable at a 
heat a little below redness. Its specific gravity is 1*74. It melts 
at a red heat’ and volatilises at nearly the same temperature as 
zinc. It retains its lustre in dry air, but in moist air it becomes 
covered with a crust of magnesia. 

Magnesium in the form of wire or riband takes fire at a red 
heat, burning with a dazzling bluish-white light. The flame of a 
candle or spirit-lamp is sufficient to inflame it, but to insure con- 
tinuous combustion, tlie metal must be kept in contact with the 
flante. For this purpose lamps are constructed, jirovided with a 
mechanism which continually pushes three or more magnesium 
wires into a small sj)irit-flame. 

The magnesium flame produces a continuous spectrum, contain- 
ing a very large proportion of the more refrangible rays : hence it 
is well adapted for pliotography, find has, indeed, been used for 
taking photographs, in the absence of the sun, or in places where 
sunlight cannot jienetrate, as in caves or subtenunean apartments. 

Magnesium Chloride, MgCljj. — When magnesia, or its car- 
bonate, is dissolved in hydrochloric acid, magnesium chloride and 
water are produced ; but when this solution is evaporated to dry- 
ness, the last portions of water ai*e retained with such obstinacy, 
that decomi)ositiori of the water is brought about by the concuning 
attractions of magnesium for oxygen, and of chlorine for hydrogen ; 
hydrochloric acid is expelled, and magnesia remains. If, however, 
sal-ammoliiac, potassium chloride, or sodium chloride is present, 

* For details of the manufacturing process, see Richardson and Watts's 
Chemical Teclmology/' vol. i. pt. v. pp. 336-339. 
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a double salt is produced, which is easily rendered anhydrous. 
The best mode ot preparing the chloride is to divide a quantity^ ol 
hydrochloric acid into two equal portions, to neutralise one :jvith 
.magnesia, and the other with ammonia, or carbonate of ammonia : 
to mix these solutions, evaporate them to dryness, and thenexTOse 
the salt to a- red heat in a loosely covered porcelain crucible. Bal- 
ammoniac sublimes, and magnesium chloride in a fused state 
remains ; the latter is poured out upon a clean stone, and when 
cold transferred to a well-stopped bottle. 

The chloride so obtained is white and crystalline. It is very 
deliquescent and highly soluble in water, from which it cannot 
again be recovered by evapoi'ation, for the reasons just mentioned. 
When long exposed to the air in the melted state, it is converted 
into magnesia. It is soluble in alcohol. 

Magnesium Oxide, or Magnesia, MgO.— This oxide is easily 
prepared by exposing the vmgneda alba of pharmacy, which io a 
hydrocarbonate, to a full red heat in an eiirthen or platinum 
crucible. It forms a soft, white powder, which slowly attmcts 
moisture and carbonic acid from the air, and unites quietly with 
water to a hydrate which possesses a feeble degree of solubility, 
requiring about bOCK) parts of water at 15 ‘5° and .36,000 parts at 
100®. The alkalinity of magnesia can only he observed by placing 
a small portion in a moistened state upon test-paper : it neutralises 
acids, however, in the most complete manner. It is infusible. 

Magnesium sulphide is fonned by passing vai)our of carbon 
sulphide over ^nagnesia, in capsules of coke, at a strong red heat. 

Oxysalts of Magnesium. — The s^dphate, Mg^'SC^-THgO, com- 
monly called Epsom salt, occurs in sea- water, and in many mineral 
springs, and is now manufactured in large quantities by acting on 
magnesian' limestone with dilute sulphuric acid, and separating the 
magpesium sulphate from the greater part of the slightly soluble 
calcium sulphate by filtration. The crystals are derived from a 
right rhombic prism ; they are soluble in an equal weight of water 
at 15 *5®, and in a still smaller quantity at 100®. The salt has a 
nauseous hitter taste, and, like many other neutral salts, possesses 
purgative properties. ‘ When it is exposed to heat, 6 molecules of 
water readily pass off, the seventh being energetically retained. 
Magnesium sulphate forms beautiful double salts with the sul- 
phates of potassium and ammonium, which contain 6 molecules of 
crystallisation-water, their formulae being Mg"K2(S04)2 . GHgO, 
and Mg"(NH4)^(S04)2 . OHgO. These salts are isomorphous, and 
form monoclimc crystals. 

Carbmates. — The neutral carbonate^ MgC03 or MgO.COg, occurs 
native in rhombohedral crystals, resembling those of calc-spar, in- 
bedded in talc slate : a soft earthy variety is sometimes met with. 

When magnesia alba is dissolved in aqueous carbonic acid, 
and the solution left to evaporate spontaneously, small prismatic 
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crystals are deposited, consisting of trihvdrated magnesium car- 
bonate, MgC03.3H20. 

The magnesia alba itself, although v>ften called carbonate of 
magnesium, is Mt so in reality ; it is a compound of carbonate 
with hydrate.' It is prepared by mixing hot solutions of potassiujqa 
or sodium carbonate and magnesium sulphate, the latter being 
kept in slight excess, boiling the whole a few minutes, during 
which time much carbonic acid is disengaged, and well washing 
the precipitate so produced. If the solution is very dilute, the 
magnesia alba is exceedingly light and bulky ; if otherwise, it is 
denser. The composition of this precipitate is not perfectly con- 
stant. In most cases it contains 4MgC03.MgH202.6 arp 

Magnesia alba is slightly soluble in water, esiiecially when cold. 

V Phosphate^ Mg"HP0..7H20, separates in small 
colourless prismatic crystals when solutions of sodium phosphate 
and magnesium sulphate are mixed and suffered to stand for some 
time. According to Graham, it is soluble in about 1000 parts of 
cold water. Magnesium phosphate exists in the grain of the 
ceieals, and can be detected in considerable quantity in beer. 

Magnesium ami Ammonium Phosphate^ Mg''(NH4)P04.6H20. 
— When ammonia or its carbonate is mixed with a magnesium 
salt, and a soluble jihosphate is added, a crystalline precipitate 
having the above composition, subsides, immediateljr ii the solu- 
tions are concentrated, and after some tim(f if very dilute : in the 
latter case, the precipitation is promoted by stirring. This salt is 
slightly soluble in pure water, but nearly insoluble in saline and 
ammoniacal liquids. When heated, it gives off water and am- 
monia, and is converted into magnesium pyrophos 2 )hate, Mg2P207 : 

2Mg"(NH4)P04 = MggPgO; -f H2O + 2NH3. 

At a strong red heat it fuses to a white enamel-like mass. Mag- 
nesium and ammonimn phosphate sometimes forms a urinary 
calculus, and occurs also in guano. 

In analysis, magnesium is often separated from solutions by 
bringing it into this state. The liquid, free from alumina, lime, 
&c., is mixed with sodium phosphate and excess of ammonia, and 
gently heated for a short time. The precipitate is collected upon 
a filter and thoroughly w^ashed with water containing a little am- 
monia, after which it is dried, ignited to redness, and weighed. 
The proportion of magnesia is then easily calculated. 

Silicates. — The following natural compounds belong to this 
class: Chrysolite j Mg2Si04 = 2Mg0.Si04, a crystallised mineral, 
sometimes employed "for ornamental purposes : a portion of the 
magnesia is commonly replaced by ferrous oxide, which com- 
municates a green colour. Meerschaum^ 2MgSi03.Si02 = 2MgO. 
3Si02, is a soft sectile mineral, from which pipe-bowls are 
made. Tafc, 4MgSiO3.SiO2.4aq. (called steatite when massive), 
is a soft, white, sectile, transparent or translucent mineral, used as 
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firestones for furnaces and stoves, and in thin plates for glazin" 
lanthoms, &c. ; also in the state of powder for diminishing friction. 
Spapstom, also called steatite, is a silicate of magnesiuiu and alu- 
minium of somewhat variable composition, Serpentme is a com- 
bination of silicate and hydrate of magnesium. Jade^ an exceed- 
ingly liard stone, brought from New Zealand, is a silicate of 
magnesium and aluminium: its green colour is (lue to chromiiuu. 
Augite and hornblende are essentially double silicates of magnesia 
and lime, in which the magnesia is more or less rejdaced by its 
isomori^hons substitute, ferrous oxide. 

Magnesium salts are isomorplious v ith zinc salts, ferrous salts, 
cupric salts, cobalt salts, and nickel salts, &:c. ; they are usually 
colourless, and are easily recognised by tlie following characters: — 
A gelatinous white jyrecipi tat o with rmtstie a/ kalis, including am- 
7?ioiiid, insoluble ingxcess, hut .soluble in solution of sal-ammoniac. 
A white precipitate with potassium and sodium carbonates^ but 
none with ammonium carbonate in the cold. A wdiite crystalline 
precipitate with soluble phosphates, on the addition of a little 
ammonia. 


^ ZINO. 

Atomic weight, 6.5*2 ; symbol, Zn. 

Zinc is a somewhat abundant metal ; it is found in the state of 
carbonate, silicate, and sulphide, associated with lead ores in many 
districts, l>oth in Britain and on the Continent ; large supplies are 
obtained from Silesia, and from the neighbourhood of Aachen. 
The native carbonate, or calamine, is the most valuable of the 
zinc ores, and is preferred for the extraction of the metal it is 
first roasted to expel water and carbonic acid, then mixed* with 
fragments of coke or charcoal, and distille*! at a full red heat in a 
large earthen retort ; carbon monoxide escapes, wliile the reduced 
metal volatilises and is condensed by wsuitable means, generally 
with minute quantities of arsenic. 

Zinc i^a bluish- white metal, which slowly tarnishes in the air: 
it has a lamellar, crystalline structure, a density varying from 6*8 
to 7‘2, and is, under ordinary circumstances, brittle. Between 
120® and 150® it is, on the contrary, malleable, and may be rolled 
or hammered without danger of fracture; and, what is very 
remarkable, after such treatment, it retains its malleability when 
cold; the sheet-zinc of commerce is thus made. At 210® it is so 
brittle that it may be reduced to powder. At 412® it melts ; at a 
bright red heat it boils and volatilises, and, if air be admitted, 
burns with a splendid groeni«h generating the oxide. Dilute 

acids dissolve zinc veiy readily : it is constantly einploye<l in this 
manner for preparing hydrogen gas. 
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Zinc is a dyad metal, forming only one class of compounds. 

The chloride^ ZiiCL, may be prepared by heating metallic 
zinc in chlorine: by distilling a mixture of zine-filings and cor- 
rosive sublimate; or, more easily, by dissolving zinc in hydro- 
chloric acid. It is a nearly white, translucent, fusible substanci^, 
very soluble in water and alcohol, and very deliquescent. A 
strong solution of zinc chloride is sometimes used as a bath for 
obtaining a graduated heat above 100® Zinc chloride unites with 
sal-ammoniac and potassium chloride to double salts : the fonuer 
of these, made by dissolving zinc in hydrochloric acid, and then 
adding an equivalent quantity of sal-ainmoniac, is very useful in . 
tinning and soft-soldering copper and iron. ^ 

The oxidc^ ZnO, is a strong base, fonning salts isomorphous 
with luagnesium salts. It is prepared either by burning zinc 
in atmospheric air, or by heating the caibonate to redness. Zinc 
oxide is a Avhite, tasteless powder, invsoluable in water, but freely 
dissolved by acids. When heated it is yellow, but turns white 
again on cooling. It is getting into use as a substitute for white 
lead. To pre])are zinc-white on a large scale, metallic zinc is 
volatilised in large earthen muffles, whence the zinc vapour ]>asses 
into a small receiver (r/a^^r^^e)pw^lere it comes in contact with a 
current of air and is oxidised. The zinc oxide thus formed passes 
immediately into a condensing chamber divided into several com- 
partments by cloths suspended within it. 

The sulphate^ ZnS04.7H20, commonly called White Vitriol , — 
This salt is hardly to be distinguished by the eye from magnesium 
sulphate : it is j)rej)ared either by dissolving the metal in dilute 
sulphuric acid, or, more ecom^cally, by roasting the native sul- 
phide, or blende^ which, by of oxygen, becomes in great 

part converted into sulphatei!3^^fe altered mineral is thrown hot 
into water, and the salt obtaini^ b^" evaporating the clear solution. 
Zinc suli)hale has an astringent metallic*, taste, and is used in 
medicine as an emetic. The crystals dissolve in parts of' cold, 
and in a much smaller (quantity of hot water. Crystals contain- 
ing 6 molecules of water have been observed. Zinc sulphate forms 
double salts with the sulphates of potassium and ammonium, 
namely, ZnK2(SO4)2.0H2O and Zn(NH4)2(S04)2.6H20, isomorphous 
with the corresj^oneftng magnesium salts. 

The carboruite, ZiiCOg, is found ng^tive ; the white precipitate 
obtained by mixing solutions pf zinc and of alkaline carbonates, is 
a combination of carbonate and hydrate. When heated to redness, 
it yields pure zinc oxide. 

The sulphide^ ZnS, occurs native, as blende^ in regular tetra- 
hedrons, dodecahedrons, and other monometric forms, and of 
various colours, from white 6r yellow to brown or black, according 
to its degree of purity : it is a valuable ore of zinc. A variety, 
called black jack, occurs soiiiewliat abundantly in Derbyshire, 
Cumberland, and Cornwall. A hydrated sulphide, ZnS.H20, is 
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obtained as a white precipitate on adding an alkaline sulphide to 
the solution of a zinc salt. 

Zinc salts are distinguished by the following characters: — 
Caicstic potash gives with soda and ammonia a white precipitate 
of hydrate, freely soluble in excess of the alkali. Potassium 
and sodium carbonates give white precipitates, insoluble in excess. 
Amjfwnium carbonate gives also a white precipitate, which is redis- 
solved by an excess. Potassium ferrocyanide gives a white preci- 
pitate. Hydrogen sulphide causes no change in zinc solutions 
containing free mineral acids ; but in neutral solutions, or with 
zinc salts of organic acids, such as the acetate, a white precipitate 
is formed. Ammonium sulphide throws down white sulphide of 
zinc, insoluble in caustic alkalis. The formation of this precipitate 
in a solution containing excess of caustic alkali, serves to dis- 
tinguish zinc from nil other nielals. 

All zinc compounds, heated on charcoal with sodium carbonate 
in the inner hlow-pipe flame, give an incrustation of zinc oxide, 
which is yellow while hot, but becomes while in cooling. If this 
incrustation be moistened with a dilute solution of cobalt nitrate, 
and strongly heated in the outer flame, a fine green colour is 
produced. 


The applications of metallic zinc to the purposes of roofing, the 
construction of water channels, &c., are well known ; it is suffi- 
ciently durable, but inferior in this respect to copper. It is much 
used also for protecting iron and copper from oxidation when 
immersed in saline solutions, as sca-water, or exposed to 

damp air. This it does by fomato^^ electric circuit, in which it 
acts as the positive or more oxifilf^ metal (p. 267). Galvanised 
iron consists of iron having it& ,89X1^1^ coated with zinc. 


CADMIUM. 

Atomic weight, 112 ; symbol, Cd. 

This metal was discovered in 1817 by Stromeyer, and by Hermann : 
it accompanies the ores of zinc, especially those occurring in Silesia, 
and, being more volatile than that substance, rises first in vapour 
when the calamine is subjected to distillation with charcoal. Cad- 
mium resembles tin in colour, but is somewhat harder ; it is very 
malleable, has a density of 8*7, melts below 260°, and is nearly as 
volatile as mercury. It tarnishes but little in the air, but bums 
when strongly heated. Dilute sulphuric and hydrochloric acids 
act but little on cadmium in the cold ; nitric acid is its best sol- 
vent 

\ The observed vapour-density of cadmium is 3-94 compared ndth 
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air, or 56'3 compared with hydrogen, which latter number does not 
differ ^eatly from the half of 112, the atomic weight of the metal : 
hence it appears that the atom of cac aium in the state of vapour 
occupies twice the space of an atom ol hydrogen (p. 238). 

Cadmium, like zinc, is dyadic, and forms but one series of com- 
pounds. The oxide^ CdO, may be prepared by igniting either the 
carbonate or the nitrate : in the tormer case it has a pale-brown 
colour, and in the lattelt a much darker tint, and forms octohedral 
microscopic crystals. Cadmium oxide is infusible : it dissolves in 
acids, producing a series of colourless salts: it attracts carbonic 
acid from the air, and turns white. The sulphate^ CdS04.4H20, is 
easily obtained by dissolving the oxide or carbonate in dilute sul- 
phuric acid : it is very soluble in water, and forms double salts 
with the sulphates of potassium and ammonium, which contain 
repeciively Cd''K2(S04)2.6H20 and Cd"(NH4)2(S04)2.6H20. The 
chloride^ CdClg, is a very soluble salt, crystallising in small four- 
sided prisms. The sulphide^ CdS, is a very characteristic com- 
pound, of a bright yellow colour, forming microscopic crystals, 
fusible at a high temperature. It is obtained by passing sulphu- 
retted hydrogen gas through a solution of the sulphate, nitrate, 
or chloride. This compound is used as a yellow pigment, of great 
beauty and permanence. It occurs native as greenockite. 

Fixed caustic alkalis give with cadmium salts a white precipi- 
tate of hydrated oxide, insoluble in excess, A7mnonia gives a 
similar white precipitate, readily soluble in excess. The fixed 
alkaline carboriates^ and ammonia carbonate^ thi*ow down white 
cadmium carbonate, insoluble in excess of either precipitant. 
Hydrogen sulphide and amTnonium sulphide precij)itate the yellow 
8uli)hide of cadmium. 


GROUP IV. 

OOPPEB. 

Atomic weight, 63*4; symbol, Cu (Cuprum). 

Copper is a metal of great value in the arts : it sometimes occurs 
in the metallic state, crystallised in octohedrons, or more frequently 
in dodecahedrons, but is more abundant in the form of red oxide, 
and in that of sulphide combined with sulphide of iron, as yelloxo 
copper ore or copper pyrites. Large quantities of the latter sub- 
stance are annually obtained from the Cornish mines, and taken 
to South Wales for reduction, which is effected by a somewhat 
complex process. The principle of this#jnay, however, be easily 
made intelligible. The ore is roasted in a reverberatop’ furnace, by 
which much of the iron sulphide is converted into oxide, while the 
copper sulphide remains unaltered. The product of this operation 
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is then strongly heated with silicioiis sand ; the latter coinloiues 
with the iron oxide to a fusible and separates froiu the heavier 
copper compound. When the iron has, by a repetition of these 
processes, been got rid ot the copper sulphide begins to decom- 
pose in the flame-furnace, losing its sulphur and absorbing oxygen ; 
the temMrature is then raised sufficiently to reduce the oxide thus 
produced, by the aid of carbonaceous matter. The last part of 
the opferation consists in thrusting into the melted metal a pole 
of birch-wood, the object of which is probably to reduce a little 
remaining oxide by the combustible gases thus generated. Large 
quantities of extremely valuable ore, chiefly carbonate and red 
oxide, have lately been obtained from South Australia and 
Chile. 

Copper has a well-known yellowish-red colour, a specific gravity 
of 8*9(5, and is very malleable and ductile : ifc is an excellent con- 
ductor of heat and electricity : it melts at a bright red heat, and 
seems to be slightly volatile at a very high temperature. Copper 
undeigoes no change in dry air: exposed to a moist afcmosjdiere, 
it becomes covered with a strongly adnerent green crust, consisting 
in a great measure of carbonate. Heated to redness in the aii*, it 
is quickly oxidised, becoming covered with a black scale. Dilute 
siilphuric cind hydrochloric acids scarcely act upon copper ; boiling 
oil of vitiiol attacks it, with evolution of siiljdiurous oxide; nitric 
acki, even dilute, dissolves it readily, with evolution of nitrogen 
dioxide, 

C<jpper is a dyad metal, its most stable compounds, the cupric 
compounds, containing 1 atom of the metal combined with 
2 atoms of a univalent, or 1 atom of a bivalent negative radical, 

Cu'VLj, Cu"0, Cu'XNOg),^, Cu"S 04 , &c. Some of these, liow- 
ever, are Ciipable of taking up another atom of co])per, and form- 
ing compounds, called cuprous compounds, in wdiitdi the copper 

CuCl 

is apparently univalent ; thus cuprous chloride, Ciij^Clg = j ; 

Cu CuCl 

cuprous oxide, CujjO = | /O. These comj>ounds are very 

Cu 

unstable, being easily converted into cupiic compounds by the 
action of oxidising agents. 

^ Copper Chlorides. — Cupric Chloride, CuClg, is mowst easily 
prepared by dissolving cupric oxide in hydrochloric acid, and con- 
centrating the green solution thence resulting. It forms gi’een 
crystals, CuClg-^HgO, very soluble in water and in alcohol: it 
colours the flame of the latter green. When gently heated, it 
parts with its water of crystallisation and becomes yellowish- 
brown; at a high temjpferature it loses half its chlorine, and 
becomes converted into cuprous chtoride. The latter is a wliite 
fusible substance, but little soluble in water, and prone to oxida- 
tion : it is formed when copper-filings or co})per-leaf are put into 
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chlorine gas ; also by precipitating a solution of cupric chloride or 
other cupric salt with stannous chloride : 

SCuClg + SnCla = Cu^Cla + SnCl^. 

A plate of copper immersed in hydrochloric acid in a vessel con- 
taining air, becomes covered with white tetrahedrons of cuprous 
chloride. This compound dissolves in hydrochloric acid, forming 
a colourless solution, which gradually turns blue on exposure to 
the air, 

A hydrated cupric oxychloride^ CUCI 2 . 3 CUH 2 O 2 , occurs native as 
atacamite. 

Both the chlorides of copper form double salts with the chlorides 
of the alkali-metals. 

Cuprous Hydride, CugHo. — When a solution of cupric sulphate 
is heated to about 70°, with hypophosphorous acid, this compound 
is deposited as a yellow precipitate, which soon turns red-brown. 
It gives off hydrogen when heated, takes fire in chlorine gas, and 
is converted by hydrochloric acid into cuprous chloride, with 
evolution of a double (}uantity of hydrogen, the acid giving up its 
hydrogen as well as the copper hydride : 

CU2H2 + 2 HC 1 = CU2CI2 + SHg. 

This reactioji affords a remarkable insiain^e of the union of two 
atoms of the same element to fonn a molecule (see page 245). 

Copper Oxides. — Two oxides of copper are known, correspond- 
ing to the chlorides; and a very unstable dioxide or peroxide, 
CuO^, is said to be formed, as R,ye]lo\nsh -brown powder, by the 
action of hydrogen dioxide on cupric hydrate. 

Copper Monoxide^ Cupric Oxule^ or Black Oxide of Copper^ CuO, 
is prej)ared by calcining metallic copper at a red heat, with full 
exposure to air, or, more cojivenicntly, by heating the nitrate to 
redness, which suffers complete decomposition. Cupric salts mixed 
with caustic alkali in excess, yield a bulky pale-blue precipitate 
of Hydrated cupric oxide, or cupric hydrate, CUH 2 O 2 or CuO.HgO, 
which, when the whole is raised to the boiling-point, becomes 
converted into a heavy dark-brown powder: this also is anhy- 
drous oxide of copper, the hydrate suffering decomposition, even 
ill contact, with water. The oxide prepared at a hign temperaluret* 
is perfectly black and very dense. Cupric oxide is soluble in 
acids, and forms a series of very important salts, isomorphous with 
magnesium salts. ^ 

Cuproua Oxide, CugO, also called Med Oxide and Suboxide of 
Copper ^ — This oxide may be obtained by heating in a covered 
crucible a mixture of 5 parts of black <^ide and 4 parts of fine 
copper-filings ; or by adding '%rape-sugar to a solution of cupric 
sulphate, and then putting in an excess of caustic potash; the 
blue solution, heated to ebullition, is reduced by the sugai’, and 
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cupric oxide is green. .... 

Cuprous oxide dissolves in excess of hydrochloric acid, lorming 
a solution of cuprous chloride, from which that compound is pre- 
cipitated on diliiiion with water Most oxygen-acidsj namely, 
sulpbmic, phosphoric, acetic, oxalic, tartaric, and citric acids, 
decompose cuprous oxide, fomihig cupric salts, and separating 
metallic copper ; nitric acid converts it into cupric nitrate. Hence 
there are but few cuprous oxygen-salts, none indeed excepting tlie 
sulphites, aud certain double sulphites fonned by mixing a cupric 
solution with the sulphite of an alkali-metal, e.ff,, ammonio- 
cuprous sulphite, CuX>iH4)S03. 

Cupric OxYSAi/rs. — The miphate, CuSO^.SH^O, commonly 
called blue vitriol, is prepared by dissolving cupric oxide in sul- 
phuric acid, or, at less expense, by oxidising the sulphide. It 
lorms large blue triclinie prisms, soluble in four parts of cold and 
two parts of boiling water ; when heated to l()(f it readily loses 
four molecules of crystallisation- water ; but the fifth is retained 
witb great pertinacity, and is ei^elled only at a low red heat. 
At a very high temperature, cupric sulphate is entirely converted 
into cupric oxide, with evolution of sulphurous oxide and oxygen. 
Cupric sulphate combines with the sulphates of potassium and of 
ammonium, forming pale-blue salts, Cii"K 2(004)2. GHgO and 
Cu"(NH 4)2(S04)2.6H20, isomorphous with the corresponding mag- 
nesium salts. 

Cupric Nitrate, Cu(N03)^.3H20, is easily made by dissolving 
the metal in nitric acid; it lorms deep blue crystals, very soluble 
and deliquescent. It is highly corrosive. An insoluble basic 
nitrate is known ; it is green. 

Cupric Carbonates . — ^When sodium carbonate is added in excess 
to a solution of cupric sulphate, the precipitate is at first pale- 
blue and flocculent, but by warming it becomes sandy, and assumes 
a green tint; in this state it contains CuCOg.CuHoOg + aq 
This substance is prepared as a pigment. The beautiful mineral 
Tnalachite has a similar composition, but contains no water of 
crystallisation, its composition being CuCOa-CuH^Oo. Another 
natural compound, called azurite, not yet artificially imitated, 
occurs in large transparent crystals of the most intejise blue : it 
contains SCuCOs.CuHgOji. Ver<Hter, made by decomposing cupric 
nitrate with chalk, is said, however, to have a somewhat similar 
composition. ® 

Cupric Arsenite is a bright green insolqhle powder, prepared 
by mixing the solutions of a cupric salt with an alkaline arsenite. 

Copper Sulphides. — There are two well-defined copper sul- 


deposits cuprous oxide. Tliis oride often 
transparent ruby -red crystals, associated wrth < 
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phides, analogous in composition .to the oxides, and four others, 
containing larger proportions of sulphur, but of less defined con- 
stitution; these latter are precipitat- 1 from solutions of cupric 
salts by potassium pentasulphide. 

Cupric Sulphide^ CuS, occurs native as indUjo coj)2)eT or covetlin, 
in sort bluish-black hexagonal plates and spheroidal masses, and is 
produced artificially by precipitating cupric salts with hydrogen 
sulphide. 

Cuprous Sulphide^ CugS, occurs native as copper-glance or redru- 
thitCy in lead-grey hexagonal prisms, belonging to the rhombic 
system ; it is produced artificially by the combustion of coppei'- 
foil in sulphur vapour, by igniting cupric oxide with sulphur, and 
by other methods. It is a powerful sulphur- base, uniting with 
the suipnides of antimony, arsenic, and bismuth, to form several 
natural minerals. The several varieties of fahl-ore, or tetrahedrite, 
consist of cuprous sulphantinionite or sulpharsenite, in which the 
copper is more or less replaced by equivalent quantities of iron, 
zinc, silver, and mercury The important ore, called copj}er- 
pyrites, is a cuproso-ferric sulphide, Cu'Fe^"S2 or CugS.FcgSg, 
occurring in tetrahedral crystals of the quadratic system, or in 
irregular masses. Another species of copper and iron sulphide, 
containing various proportions of the two metals, occurs native, as 
purple copper or erubescite, in cubes, octohedrons, and other mono- 
metric forms. 

Ammoniacal Copper — compounds. — The chlorides, sulphate, 
nitratej and other salts of co])per, unite with one or more mole- 
cules of ammonia, forming, for the most part, crystalline com- 
pounds of blue or green colour, some of which may be regarded as 
salts of metallammoniums (j>, 348 ). Thus cupric chloride forms 
with ammonia, the compounds, 2NH3.CUCI2, dNHg.CuClg, and 
6NH3.CUCI2, the first of which may be formulated as cupro- 
diammonium chloride, (N2HgCu")Cl2. Cupric sulphate forms, in 
like manner, cujyro-diammonium sulphate, (N2HgCii")S04, which 
is a deep blue crystalline salt. Cuprous iodide forms with am- 
monia the compound, 4NH3.Cu2l2- 

Caustic potash gives with cupric salts a pale blue precipitate of 
cupric hydrate, becoming blackish-brown anhydrous oxide on boil- 
ing, — Ammonia also throws down the hydrate; but, when in excess, 
redissolves it, yielding a deep purplish-blue solution. — Potassium 
and sodium carbonates give pale blue p^cipitates of cupric car- 
bonate, insoluble in excess — Ammonium cdrbonate the same, but 
soluble with deep blue colour. — Potassium ferrocyrmide gives a fine 
red-brown precipitate of cupric ferrocyanide. — Hydrogen sulphide 
and amnionium sulphide afford black cupric sulphide, insoluble in 
ammonium sulphide. 


The alloys of copper are of great importance. Brass consists of 
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copper alloyed witli from 28 to 34 per cent, of zinc ; the latter 
may he added directly to the melted copper, or granulated copper 
may he heated with calamine and charcoal-powder, as in the old 
process. Gun-metal^ a most valiiahle alloy, consists of 90 parts 
copper and 10 tin. Bell and speculum metal contain a still larger 
proportion of tin ; these are brittle, especially the last named. A 
good bronze for statues is made of 91 parts copper, 2 parts tin, 6 
parts zinc, and 1 part lead. The brans or bronze of the ancients is 
alloy of copper with tin, often also containing lead, and some- 
times zinc. 


MERCURY. 

Atomic weight, 200 ; symbol, Hg (Hydrargyrum). 

This very remarkable metal, sometimes called quicksilver^ has been 
known from early times, and j)erhaps more than all others has 
excited the attention and curiosity of exi)ermienters, by reason of 
its j)eculiar physical properties. Mercury is of great importance 
in several of tlie arts, and enters into the composition of many 
valuable medicaments. 

Metallic mercury is occasionally met with in globules dissemi- 
nated through the native sulpliide, which is the ordinary ore. 
This latter substance, sometimes called cmnahar, is found in con- 
siderable quantity in several localities, of which the most cele- 
brated are Alinaden in Spain, and Idria in Austria. Only recently 
it has been discovei-ed in great abundance, and of remarkable 
purity, in California and Australia. The metal is obtained by 
heating the sulphide in an iron retort with lime or scraps of iron, 
or by roasting it in a furnace, and conducting the va])onrs into a 
large chamber, where the mercury is condensed, while the sul- 
phurous acid is allowed to escape. Mercury is imported into this 
country in bottles of hammered iron, containing seventy-five 
pounds each, and in a state of considerable purity. When ]>ur- 
chased .in smaller c|uantities, it is sometimes found adulterated 
with tin and lead, which metals it dissolves to some extent without 
much loss of fluidity. Such admixture may be known by the 
foul surface the mercury exhibits when shaken in a bottle con- 
taining air, and by the globules, when made to roll ujion the table, 
leaving a train or tail. 

Mercury has a nearly silver-white colour, and a very high 
de^ee of, lustre; it is li(mid at all ordinary tem 2 ^eratures, and 
solidifies only when cooled to — 40®. In this state it is soft and 
malleable. At 350° it boils, and yields a transparent, colourless 
vapoui:, of great density. The metal volatilises, however, to a 
sensible extent at all temperatures above 19° or 21°; below this point 
its volatility is imperceptible. The volatility of mercury at the 
boiling heat is singularly retarded by the pregenCe of minute 
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quantities of lead or zinc* The specific gravity of mercury at 
15*5° is 13*59 ; that of frozen mercury about 14, great contraction 
taking place in the act of solidification. 

Pure mercury is quite unalterable in the air atuommon tempera- 
tures, but when heated to near its boiling-point, it slowly absorbs 
oxygen, and becomes converted into u crystalline dark-red powder, 
which is the highest oxide. At a dull red heat this oxide is, again 
decomposed into its constituents. Hydrochloric acid has lit£le or 
no action on mercury, and the same may be said of sulphuric acid 
in a diluted state : when the latter is concentrated and boiling-hot, 
it oxidises the * metal, converting it into mercuric sulphate, with 
evolution of sulphurous oxide. Nitric acid, even dilute and in 
the cold, dissolves mercury freely, with evolution of nitrogen 
dioxide. 

The observed vapour-density of mercury referred to air as unity 
is 6*7; this referred to hydrogen is nearly 100;* that is to say, 
half the atomic weight of the metal : consequently the atom of 
mercury, like that of cadmium, occupies in the gaseous state twice 
the volume of an atom of hydrogen (see page 239). 

Mercury forms two series of compounds, namely, the mercuric 
compounds, iii'which it is bivalent, as Hg^Clg, Hg"0, Hg^'S 04 , 
&c., and the mercurous compounds, in which it is appa- 
rently univalent, as Hg^Clg, Hg20, &c. These compounds are 
analogous in constitution to the cupric and cuprous compounds ; 
and the mercurous compounds, like the latter, are easily converted 
into mercuric compounds by the action of oxidising agents, which 
remove one atom of mercury ; but they are, on the whole, much 
more stable than the cuprous compounds. 

Mercury Chlorides. — Mercuric Chloride^ Hg^'Clg, commonly 
called Corrosive SuhliTuate . — This compound may be obtained by 
several different processes (1.) When metallic mercury is heated 
in chlorine gas, it takes fire and burns, producing this substance. 
(2.^ It may be made by dissolving mercuric oxide in hot hydro- 
chloric acid, crystals of corrosive sublimate then separating on 
cooling. (3.) Or, more economically, by subliming a mixture of 
equal parts of mercuric sulphate and dry common salt ; and this 
is the plan generally followed. The decomposition is represented 
by the equation : 

HgS 04 + 2NaCl = HgCl 2 + Na^SO^. 

Sublimed mercuric chloride forms a white transparent ciyatfd- 
line mass, of specific gravity 5*43 ; it melts at 265°, boils at ^5°, 
and volatilises somewhat more easily than calomel, even at ordinary 
teinperatures. Its observed vapour-density, referred to hydrogen as 
unity, is 140: and the density calculated from the formula HgCl 2 , 

6'7 
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BUDDOsinsr that the molecule occupies the same space as a mole- 
■ rr — o ^ 2004-2. 36*6 

cule or two atoms of hydrogen (p. 240), is 2 ‘ “ i36'6-; 

the near agreement of this number with the observ^ result shows 
that the vapour is in the nonnal state of condensation. 

Mercuric chloride dissolves in 16 parts of cold tmd 3 parts of 
boiling water, and crystallises from a hot solution in long white 

E rigma AJcohol and ether also dissolve it with facility ; the 
itter even withdraws it from a watery solution. 

Mercuric chloride combines with a great number of other 
metallic chlorides, forming a series of b^utiful double salts, of 
which the ancient sod aleiwroth may be taken as a good example ; 
it ooTitaiTig HgCl2.2NH4Cl.H2O. Corrosive sublimate absorbs 
ammoniacal gas with great avidity, generating the compoimd 
HgCl2.NH3. 

Mercuric chloride forms several compounds with mercuric oxide. 
These are produced by several processes, as when an alkaline car- 
bonate is added in varying proportions to a solution of mercuiic 
chloride. They differ greatly in colour and physical character, 
and are mostly decomposed by water. 

Mercuric chloride forms insoluble compounds Vith many of the 
azotised organic principles, as albumen, &c. It is perhaps to this 
property that its strong antiseptic properties are due. Animal 
and vegetable substances are preservect by it from decay, as in 
Kyan’s method of preserving timber and cordage. Albumen is on 
this account an excellent antidote to corrosive sublimate in cases 
of poisoning. 

Mercurous Chloride^ Hg2Cl2, commonly called Calomel . — This 
very important substance may be easily and well prepared by 
pouring a solution of mercurous nitrate into a large excess of 
dilute solution of common salt. It falls as a dense wldte precipi- 
tate, quite insoluble in water ; it must be thoroughly washed with 
boiling distilled water, and dried. Calomel is, however, generally 
procured by another and more complex process. Dry mercuric 
sulphate is rubbed in a mortar with as much metallic mercury as 
it already contains, and a quantity of common salt, until the 
globules disappear, and an uniform mixture has been produced. 
This is subjected to sublimation, the vapour of the calomel being 
earned into an atmosphere of steam, or into a chamber containing 
is thus condensed into a minutely divideil state, and the 
lalmiaous process of pulverisation of the sublimed mass is avoided. 
l%WS;pmiction is thus explained : 


' HgSO* 4- Hg 4- 2NaCl = HgjClj + NajSO* 

Pure calomel is a heavy, white, insoluble, tasteless powder : it 
rises in vapour at a temperature below redness, and is obtained by 
ordinaiy sublimation as a yellowish-white crystalline mass. It is as 
insoluble in cold diluted nitric acid as silver chloride ; boiling-hot 
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strong nitric acid oxidises and dissolves it. Calomel is instantly 
decomposed by an alkali, or by lime>water, witb production of 
mercurous oxide. It is sometimes apt to contsdn a little mercuric 
chloride, which would be a very dangerous contamination in 
calomel employed for medical purposes. This is easily discovered 
by boiling with water, filtering the liquid, and admng caustic 
potash, ^y corrosive sublimate is indicated by a yeflow pre- 
cipitate. 

The observed vapour-density of calomel, referred to hydrogen 
as unity, is 119‘2. Now the formula HgjClj, if it represents a 
molecule occupying in the gaseous state two volumes twice 
the volume of an atom of hydrogen, p. 240), would give a density 

nearly double of this : for ^ '^ = 235‘5. Hence it might 

be inferred that the composition of calomel should rather be re- 
presented by the simpler formula HgCl, which would give for the 
vapour-density the number 1 1 7*76. But this formula (the adoption 
of which would, of course, involve that of similar formulae for the 
other mercurous salts, HgNOg for the nitrate) is objectionable 
on account of its inconsistency with the law of even numbers, ac- 
cording to which a dyad element like mercury can never unite 
with an uneven number of monad atoms (p. 244). Moreover, the 
frequent decomposition of mercurous salts into mercuric salts and 
free mercury is in favour of the supposition that their molecules 
contain two atoms of mercury ; and the anomaly in the vapour- 
volume of calomel may be explained by supposing that the vapour 
of this compound, like that of many others, undergoes at high 
temperatures the change known as dissociation (p. 240), the two 
volumes of mercurous chlorid^^ Hg 2 Cl 2 , being resolved into two 
volumes of mercuric chloride, HgCl 2 , and two volumes of mercuiy, 
Hg. This supposition is, to some extent, warranted by the observa- 
tion that calomel vapour amalgamates gold-leaf, and that corrosive 
sublimate may be detected in resublimed caloBiel, 

Iodides. — Mercuric Iodide^ is formed, when solution of 

potassium iodide is mixed with mercuric chloride, as a precipitate 
which is at first yellow, but in a few moments changes to a most 
brilliant scarlet, this colour being retained on drying. This is 
the neutral iodide; it may be made, although of ratner duller 
tint, by triturating equivalent quantities of iodine and mercUiy 
with a little alcohol. In preparing it by precipitation, it is betted 
to weigh out the proper proportions of the two salts, as the.i<^£l^e 
is soluble in an excess of either, more especially in exoM of 
potassium iodide. Mercuric iodide exhibits a very remarkable 
cose of dimorphism, attended with difference of colour, whteh is 
red or yellow, according to the figure assumed. Thus, when tte 
iodide is suddenly exposed to a high temperature, it becomes 
bright yellow throughout^ and yields a copious sublimate of minute 
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but brilliant yellow crystals. If in this state it be touched by a 
hard body, it instantly becomes red, and the same change happens 
spontaneously after a certain ]aj)se of time. On the other nand, 
by a very slow and careful beating, a sublimate of red crystals, 
having a totally different form, may be obtained, which are per- 
manent. The same kind of change happens with the freely 
precipitated iodide, the yellow crystals first foiTued breaking up in 
a few seconds from the passage of the salt to the red modihca- 
tion. 

Mercuric iodide forms double salts with the more basic or posi- 
tive metallic iodides, as those of the alkali-metals and alkaline 
earth-metals ; thus it dissolves in aqueous potassium-iodide, and 
the hot solution deposits, on cooling, crystals of potassio-mercuric 
iodide, 2(KI.Hgl2).3H20. They are decomposed by water, with 
separation of about half the mercuric iodide, the solution then 
containing the salt SKI.HgIg, which remains as a saline ma^'s on 
evaporation. 

Mercurous Iodide, Hg 2 l 25 is formed when a solution of potassium 
iodide is added to mercurous nitrate : it then separates as a diity 
yellow, insoluble precipitate, with a tinge of green. It may also 
be prepared by rubbing mercury and iodine together in a mortar 
in the proportion of 1 atom of the former to 1 atom of the latter, 
the mixture being moistened from time to time with alcohol. 

Oxides. — Monoxide, or Mercuric Oxide, HgO, commonly called 
Red Oxide of Mercury, or Red Precipitate , — There are numerous 
methods by which this compound may be obtained. The follow- 
ing may be cited as the most important : (1) By exposing mercury 
in a glass flask with a long narrow neck, for several weeks, to a 
temperature approaching 315°. The product has a dark red 
colour, and is highly crystalline ; it is the red precipitate of the old 
writers. (2) By cautiously heating any of the mercuric or mer- 
curous nitrates to complete decomposition, whereby the acid is 
decomposed and expelled, oxidising the metal to a maximum, if it 
happen to be in the state of mercurous salt. The product thus 
obtained is also crystalline and very dense, but has a much paler 
colour than the preceding ; while hot, it is nearly black. It is by 
this method that the oxide is generally prepared : it is apt to 
contmn undecomposed nitrate, which may be discovered by strongly 
heating a portion in a test-tube : if red fumes are produced, or 
tl^ odour of nitrous acid exhaled, the oxide has been insufiicieiitly 
hoalad in the process of manufacture. (3) By adding caustic potash 
in ^QEcess to a solution of corrosive sublimate, by which a bright 
yellow pr(i(iipitate of mercuric oxide is thrown down, which diflers 
from the foregoing preparations merely in beiiiff destitute of crystal- 
line texture and much more minutely dividea. It must be well 
washed and dried. 

Mercuric oxide is slightly soluble in water, communicating to 
the latter an alkaline reaction and metallic taste : it is highly 
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j)oisonous. When strongly heated, it is decomposed, as before 
observed, into metallic mercury and oxygen gas. 

Mercurous Oxide^ Hg^O; Suboxidej or Grey Oxide of Mercury . — 
This oxide is easily prepared by adding caustic potash to mercur- 
ous nitrate, or by digesting calomel solution of caustic alkali. 
It is a dark grey, nearly black, hea\;y powder, insoluble in water, 
slowly decomposed by the action of light into metallic mercury 
and red oxide. The preparations known in pharmacy by the* 
names blue pill, grey ointment ^ mercury with chalk, &c., often 
supposed to owe their efficacy to this substance, merely contain 
the finely divided metal. 

Mercury Nitrates. — Nitric acid varies in its action upon 
mercury, according to the temperature. When cold and somewhat 
diluted, it forms only mercurous salts, and these ate neutral or 
basic — ^.e., oxynitrates (p. 308 ) — as the acid or the metal happens 
to be in excess. When, on the contrary, the nitric acid is concen- 
trated and hot, the mercury is raised to its highest? state of oxida- 
tion, and a mercuric salt is produced. Both classes of salts are 
apt to be decomposed by a large quantity of water, giving rise to 
insoluble, or sparingly soluble, basic compounds. 

Mercuric Nitrates, — By dissolving mercuric oxide in excess of 
nitric acid, and evaporating gently, a syrupy liquid is obtained, 
which, enclosed in a bell-jar over lime or sulj)huric acid, deposits 
bulky crystals and crystalline crusts, both having the comj>osition 
2Hg"(N03)2.H20. The same substance is deposited from the 
syrupy li(juid as a crystalline powder by dropping it into concen- 
trated nitric acid. The syrupy liquid itself appears to be a definite 
compound, containing Hg''(N03)2.H20. By saturating hot dilute 
nitric acid with mercuric oxide, a salt is obtained on cooling, 
which crystallises in needles, permanent in the air, containing 
Hg"(N03)2.Hg"0.Il20. The preceding crystallised salts are 
decomposed by water, with production of compounds more and 
more basic as the washing is prolonged, or the temperature of the 
water raised. 

Mercurous Nitrate, (Hg2)"(N03)2.2H20, forms large colourless 
crystals soluble in a small quantity of water without decomposi- 
tion ; it is made by dissolving mercuiy in an excess of cold dilute 
nitric acid. 

When excess of mercury has l)een employed, a finely crystallised 
basic salt is deposited after some time, containing (Hg^)"(N03)2. 
2Hg20.3H20, or 3(Hg2y'0.N20g.3H^0 ; this is also decompose 
by water. The two salts are easily distinguished when rubbed in 
a mortar with a little sodium chloride ; the neutral compound 
gives sodium nitrate and calomel ; the basic salt, sodium nitrate 
and a black compound of calomel with mercurous oxide. A black 
substance, called Hahnerfiann^s soluble mercury, is produced when 
ammonia in small quantity is dropped into a solution of mercur- 
ous nitrate : it contains 2NH3.3Hg2O.N2O5, or, according to Kane, 
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2NH3*2Hg20.N205; the composition of this prepamtion evidentJy 
varies according to the temperature and the concentration of the 
solutions. 

Mercury Sulphates. — Mercuric Sulphate^ Hg"S04, is readily 
prepared by boiling together oil of vitriol and metallic mercmy 
until the latter is wholly converted into a heavy white crystalline 
powder, which is the salt in question ; the excess of acid is then 
removed by evaporation carried to perfect dryness. Equal weights 
of acid and metal may be conveniently employed. Water decom- 
poses the sulphate, dissolving out an acid salt, and leaving an 
insoluble, yellow, basic compound, formerly called turpith or 
turbeth mineral^ containing, according to Kane^s analysis, Hg"S04. 
2Hg20, or SH^'O.SOg. Long- continued washing with hot water 
entirely removes the remaining acid, and leaves pure mercuric 
oxide. 

Mercurous Sulphate^ falls as a white crystalline 

powder when sulphuric aci(f is added to a solution of mercurous 
nitrate ; it is but slightly soluble in water. 

Mercury Sulphides. — Mercuric Sulphide^ HgS, occurs native 
as cinnabar, a dull red mineral, which is the most important ore 
of mercury. Hydrogen sulphide passed in small quantity into a 
solution oi mercuric nitrate, or chloride, forms a white precipitate, 
which is a compoimd of mercuric sulphide with the salt itself. 
An excess of the gas converts the whole into sulphide, the colour 
at the same time changing to black. When this olack sulphide is 
sublimed, it tecomes dark red and crystalline, but undergoes no 
change of composition : it is then cinnabar or vermilion. Mercuric 
suli)hide is most easily prepared by subliming an intimate mixture 
of 6 parts of mercury ana 1 part of sulphur, and reducing the 
resulting cinnabar to very fine powder, the beauty of the tint 
depending much upon the extent to which division is carried. 
The red or crystalline sulphide may also be formed directly, 
without sublimation, by heating the black precipitated substance 
in a solution of potassium pentasulphide ; the mercuric sulphide 
is, in fact, soluble to a certain extent, in the alkaline sulphides, 
and forms with them crystallisable compounds. 

When vermilion is heated in the air, it yields metallic mercury 
and sulphurous oxide : it resists the action both of caustic alkali 
in solution, and of strong mineral acids, even nitric, and is attacked 
only by nitro-muriatic acid. 

Mercurous sulphide^ obtained by passing hydrogen sul- 

phide into a solution of mercurous nitrate, as a black precipitate, 
which is resolved at a gentle heat into mercuric sulphide and 
metallic mercury. * 

Ammoniacal Mercury Compounds. — Mercurammonium 
Salts. — By the action of ammonia and its salts on mercury com- 
pounds, a variety of substances are formed which may be regarded 
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as salts of meTcurammoniums — ^that is, of ammonium-molecules 
in which the hydrogen is more or less replaced by mercury, in the 
proportion of 100 or 200 parts of mercury to 1 part of hydrogen, 
according as the compound is formed from a mercurous or a 
mercuric salt. The following are. the most important of these 
compounds : — 

Mercuric Compounds. — Mercnro-diamrifwnium chloride^ 
(N2H^Hg''')Cl2, known in pharmacy as fmihle white precipit€i<tej is 
produced by adding potash to a solution of ammonio-mercuric 
chloride, (2NH4Cl.HgCl2), or by dropping a solution of mercuric 
chloride into a boiling solution of sal-ammoniac containing free 
ammonia, as long as the resulting precipitate redissolves : it then 
separates on cooling in regular doaecahedrons. At a gentle heat 
it gives off ammonia, leaving a chloride of diniercurammonium 
and hydrogen, (NHaHg'OCLHCl : 

N2HeHg'^Cl2 = NH3Hg"Cl2 + NH3. 

Mercurarnmonium chloride^ (NH2Hg")Cl. — This salt, known in 
pharmacy as infusible white precipitate^ is formed by adding ammo- 
nia to a solution of mercuric chloride. When first produced, it is 
bulky and white, but by contact with hot water, or by much 
washing with cold water, it is converted into hydrated dimercur- 
ammonium chloride, NHg''2Cl.H20. 

Trimercuro - diammonium nitrate^ (N^H2Hg"^) (N 03)2 . 2H2O, is 
formed as a white i)recipitate, on mixing a dilute and very acid 
solution of mercuric nitrate with very dilute ammonia. 

Trimercuro-diamine, N„Hg"3, a compound derived from a double 
molecule of ammonia, NgH^, by substitution of 3 atoms of bivalent 
mercury for 6 atoms of hydrogen, is formed by passing dry ammo- 
nia gas over dry precipitated mercuric oxide : 

3 Hg "0 + 2NH3 = N2Hg"3 + 3H2O. 

The excess of oxide being removed by nitric acid, the trimercuro- 
diamine is obtained as a dark brown powder, which explodes by 
heat, friction, percussion, or contact with oil of vitriol, almost as 
violently as nitrogen chloride. 

Dimercurammonium chloride, NHg^'gC^LHgO, is obtained, as 
already observed, by boiling mercurodiammonium chloride (infus- 
ible white precipitate), with water. It is a heavy, granular, yellow 
powder, which turns white again when treated with sal-ammoniac. 

Dimercurammonium iodide, NKg'^gl-HgO. — This compound may 
be formed by digesting the corresponding chloride in a solution of 
potassium iodide ; or by heating mercuric iodide with excess of 
aqueous ammonia : 

2Hgl2 + 4NH3 + H2O = NHg''2l.H20 + 3NH4I; 
also by passing ammonia gas over mercuric oxy- iodide : 

+ 2NH3 - 2(NHg"2l.H20) + Iip; 
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and, lastly, by adding ammonia to a solution oi potassio-mercnric 
iodide mixed with caustic potash : 

2 ( 2 KI.Hgl 2 ) + NH3 + 3 KHO « NHg" 2 l.H 30 + 7 KI + 2H3O. 

This last reaction affords an extremely delicate test for rnnmonia. 
A solution of potassio-mercnric iodide is p^pared by adding potas* 
sium iodide to a solution of corrosive sublimate, till a portion only 
of the resulting red precipitate is redissolved, then filtering, and 
mixing the filtrate with caustic potash. The liquid thus obtain^ 
forms, with a very small quantity of ammonia, either free or in 
the form of an ammoniacal salt, a brown precipitate, soluble in 
excess of potassium iodide. This is called Nesleris test for 
ammonia. 

Dimercummrmnimri Hydrate^ NHg"2(HO). — This compound is 
formed by treating precipitated mercuric oxide with aqueous 
ammonia, or by treating either of the dimercurammonium salts 
with a caustic alkali. It is a brown powder, which dissolves in 
acids, yielding salts of dimercurammonium. 

Dimercurarrimonium Sulphate^ ( NHg'^g • 2 H^O, foniferly 
called ammoniacal turpethum^ is prepared by dissolving mercuric 
sulphate in ammonia, and precipitating the solution with water. 
It 18 a heavy white powder, yellowish when dry, resolved by heat 
into water, nitrogen, ammonia, and mercurous sulphate. 

Mercurous Com])ounds. — Mercurosammoninm Chloride^ 
NHgH^CI, is the black precipitate formed when dry calomel is 
exposed to the action of ammonia gas. When exposed to the air, 
it gives off ammonia and leaves white mercurous chloride. — Dimer- 
curosammonium chloride^ NH2Hg'2Cl, is formed, together with sal- 
ammoniac, by digesting calomel in aqueous ammonia : 

+ 2NH3 = NH2Hg2Cl + NH4CI. 

It is grey when dry, and is not alteml by boiling water. — T>imcr- 
curosammonium nitrate^ 2 (NH 2 Hg 2 )N 0 o.H 20 , This, according to 
Kane, is the composition of the velvet-blaclc precipitate known as 
Halmemann’s soluble mercury, which is produced on adding 
ammonia to a solution of mercurous nitrate. According to C. G. 
Mitscherlich, on the other hand, the precipitate thus formed has 
the composition 2NH3.N2G5.3HgoO, whi^ is that of a hydrated 
trimercurosammonium nitrate j 2(NHHg3)N03.2H20. 


Reactions of Mercury Salts. — All mercury compounds are volati- 
lised or decomposed by a temperature of ignition : those which 
fiiil to yield the metal by simple heating may in all cases be made to 
do so by heatkig in a test-tube with a little dry sodium carbonate. 
The metal is precipitated from its soluble combinations by a plate 
of copper, and also by a solution of stannous chloride used in excess. 
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Hydrogen mlfhide, and amnumum sulphide, produce in solutions, 
l)otli of mercuric and of mercurous salts, black precipitates insolu- 
ble in ammonium sulphide. In mercuric edts, however, if the 
quantity of the reagent added is not sufficient for complete decom- 
^sition, a white precipitate is formed, consisting of a compound 
of mercuric sulphide with the original salt, and often coloured 
yellow or broira by excess of mercuric sulphide. An excess of 
hydrogen sulphide, or ammonium sulphide, instantly turns the pre- 
cipitate’black. This reaction is quite characteristic of mercuric salts. 

Mercuric salts are further distinguished by forming a yeUow 
precipitate with caustic potash or som; white with cmmonia or 
ammonium earbomte, insoluble in excess; red-brown with potassium 
or sodium carbonate. With potassium iodide they yield a bright 
scarlet precipitate, soluble in excess, either of the mercuric salt or 
of the alkaline iodide. 

Mercurous salts are especially characterised by forming, with 
hydrochloric acid or soluble chlorides, a white precipitate which is 
turned black by ammonia. They also yield black precipitates 
with caustic almlis; white with alkaline carbonates, soon turning 
black ; greenish-yellow with potassium iodide. 

Alloys of mercury with other metals are termed amalgams: mer- 
cury dissolves in this manner many of the metals, as gold, silver, 
tin, lead, &c. These combinations sometimes take place with con- 
siderable violence, as in the case of potassium, in which light and 
heat are produced; besides this, many of the amalgams crystallise, 
after a while becoming solid. The amalgam of tin used in silver- 
ing looking-glasses, and that of silver and of copper, sometimes 
employed for stopping hollow teeth, are examples. The solid 
amalgams appear to be, for the most part, detinite compounds, 
while the liquid amalgams may be reg<irded, in many instances, 
as solutions of definite compounds in excess of mercury, inasmuch 
as, when they are pressed between chamois leather, mercury con- 
taining only a small quantity of the other metal passes through, 
while a solid amalgam, frequently of definite atomic constitution, 
remains behind. A native compound of mercury and silver, 
called “amalgam” by mineralogists, and haviflg the composition 
AgnHgo, or Ag2Hg3, is found crystallised in octohedrons, rhombic 
dodecanedrons, and other forms of the regular system. 
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CLASS III.— TRIAD METALS. 


THALLIUM. 

Atomic weight, 204 ; symbol, Tl. 

This element was discovered by Crookes, in 1861, in the seleni- 
ferous deposit of a lead-chamber, of a sulphuric acid factory in the 
HarLz mountains, w'here iron pyrites is used for the manufacture 
of sulphuric acid. The name is derived from ^^green,'' 

because its existence was first recognised by an intense green line, 
appearing in the spectrum of a flame in which thallium is volati 
lised. It was at first suspected to be a metalloid, but further 
examination proved it to be a true metal. It was first obtained in 
a distinct metallic form by Crookes towards the end of the year 
1661, and soon afterwards hy Lamy, who prepared it from the 
deposit in the lead-chamber of M. KuhJmann, of Lille, where 
Bellman pyrites is employed for the manufacture of sulphuric acid. 

Thaliium appears to be very widely diffused as a constituent of 
iron and copper pyrites, though it never constitutes more than the 
4000th part of the bulk of the ores. It has also been found in 
lepidolite from Moravia, in mica from Zinnwald in Bohemia, and 
ih the mother-liquors of the salt-works at Nauheim. 

Tlmlhum is most economically prepared from the flue-dust of 
pyrites burners. This substance is stirred up in wooden tubs with 
Doiling water, and the clear liquor, siphoned off from the deposit, 
is mixed with excess of strong hydrochloric acid, which precipitates 
impure thallium monochloride. To obtain a pure salt, this crude 
chloride is added by small portions at a time to half its weight of 
hot oil of vitriol in a porcelain or platinum dish, the mixture 
being constantly stirred, and the heat continued till the whole of 
the hydrochloric acid and the greater portion of the excess of sul- 

S huric acid are driven off. The fused acid sulphate is now to be 
issolved in an exibss of water, and an abundant stream of hydro- 
gen sulphide passed through the solution. The precipitate, which 
may contain arsenic, antimony, bismuth, lead, mercury, and silver, 
is separated by filtration, and the filtrate is boiled till all free 
hydrogen sulphide is removed. The liquid is now to be rendered 
alkaline with ammonia, and boiled ; the precipitate of iron oxide 
and alumina, which generally appears in this place, is filtered off ; 
and the clear solution evaporated to a small bulk. Thallium sul- 
phate then separates on cooling, in long clear prismatic crystals. 

Metallic thallium may be reduced from the solution of the sul- 
phate, either by electrolysis, or by the action of zinc. 

Thallium is a heavy metal, resembling lead in its physical pro- 
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perties. When freshly cut, it exhibits a brilliant metallic lustre 
and greyish colour, somewhat between those of silver and lead 
assuming a slight yellowish tint by friction with harder bodies! 
It is very soft, heina readily cut with a knife, and making a streak 
on paper like plumbago. It is very malleable, is not easily drawn 
into wire, but may be readily sc^ueezed into that form by the 
process technically called “squirting.” It has a highly crystalline 
structure, and crackles like tin when bent. It melts at 294 "^. 

In contact with the air, thallium tarnishes more rapidly than 
lead, becoming coated with a thin layer of oxide, which preserves 
the rest of the metel. 

The most characteristic property of thallium is the intense green 
colour whif*b the metal or any of its compounds impart to a colour- 
less flame ; and this colour, when viewed by the spectroscope, is 
seen to be absolutely monochromatic, appearing as one intensely 
brilliant and sharp green line. 

Thallium dissolves in hydrochloric, sulphuric, and nitric acids, 
the latter attacking it very eneigetically, with copious evolution 
of red vapours. 

Thallium forms two classes of compounds — ^namely, the thalli- 
ous compounds, in which it is univalent; and the thallic 
compounds, in which it is trivalent. Thus it forms two oxides^ 
TlgO and TlgOg, with con*esponding chlorides, bromides, iodides, 
and oxygen-salts. In some of its chemical relations it resembles 
the alkali-metals, forming a readily soluble and highly alkaline 
monoxide, a soluble and alkaline carbonate, an insoluble platinb- 
cliloride, a thallio-alumiiiic sulphate, similar in form and composi- 
tion to common potash-alum, and several phosphates exactly 
analogous in composition to the phos]>hates of sodium. In most 
respects, however, it is more nearly allied to the heavy metals, 
especially to lead, which it resembles closely in appearance, density, 
melting point, si)ecific heat, and electric conductivity. 

Thallium Chlorides. — Thallium forms four chlorides, repre- 
sented by the formulso TlCl, Tl4Clg, TI2CI4, and TICI3 ; the second 
and third of which may be regarded as compounds of the mono- 
chloride and trichloride. 

The Monochloride or Thalliotts C/iioridg, TlCl, is formed by direct 
combination, the metal burning when heated in chlorine gas; or 
as a white curdy precipitate, resembling silver chloride, by treat- 
ing the solution of any thallious salt with a soluble cliloride. 
W%ien boiled with water it dissolves like lead chloride, and sepa- 
rates in white crystals on cooling. It forms double salts with 
trichloride of gold and tetrachloride of platinum. The platinum-^ 
saltj 2TlCl.PtCl4, separates as a pale yellow very slightly solu- 
ble crystalline powder, on adding platinic chloride to thallious 
chloride. 

The Trichloride or Thallic GhloridCy TICI3, is obtained by dissolv- 
ing the trioxide in hydrochloric acid, or by acting upon thallium, 
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or one of the lower chlorides, with a large excess of chlorine at a 
gentle heat. It is soluble in water, and separates by evaporation 
in a vacuum in hydrated crystals ; melts easily, and decomposes 
at a high temperature. It forms crystalline double salts with the 
chlorides of the alkali-metals. 

The Sesguichloride^ Tl4Clg = TICI3.3TICI, is produced by dissolv- 
ing thallium or the monochloride in nitromuriatic acid, and sepa- 
rates on cooling in yellow crystalline scales. By aqueous ammonia, 
potash, or even by thallious oxide, it is instantly decomposed into 
sesquioxide and monochloride, according to the equation : 

2TI4CI6 + 3KHO = TiPa + 6T1C1 + 3KC1 + 3HC1. 

The Dichloridcy Tl2Cl4=TlCl3.TlCl, is formed by carefully heat- 
ing thallium or the monochloride, in a slow current of chlorine. 
It is a pale yellow substance reduced to sesquichloride by further 
heating. 

The Bromides ofthallixun resemble the chlorides. 

Iodides. — Thallious Iodide^ Til, is formed by direct combination 
of its elements, or by double decomposition. It forms a beautiful 
yellow powder, rather darker than sulphur, and melting, below 
redness, to a scarlet licj^uid, w^hich, as the mass cools, remains scarlet 
for some time after solidification, then changes to bright yellow. 
The dried precipitate, when spr^d on paper with a little gum- 
water, undergoes a similar but opposite cixange to that experienced 
by mercuric iodide when heated, the yellow surface when held over 
a flame suddenly becoming scarlet, and frequently remaining so 
after cooling for several days ; hard friction with a glass rod, how- 
ever, changes the scarlet colour back to yellow. It is very slightly 
soluble in water, requiring, according to Crookes, 4453 parts of 
water at 17 '2°, and 842 '4 parts at 100®, to dissolve it. 

Thallic Iodide, TICI3, is formed by the action of thallium on 
iodine dissolved in ether, as a brown solution which gradually 
deposits rhombic xuisms. It forms crystalline compounds with 
the iodides of the alkali-metals. 

Thallium Oxides. — Thallium forms a monoxide and a tri- 
oxide. 

The Monoxide, or Thallious Oxide, TI2O, constitutes the chief part 
of the crust which forms on the surface of the metal when exposed 
to the air. It may be prepared by allowing granulated thalliuiti 
to oxidise in warm moist air, and then boiling with water. The 
filtered solution first deposits white needles of thallium carbonate, 
and, on further cooling, yellow needles of the hydrate, TIHO or 
TlgO.HgO, which, when left over oil of vitriol in a vacuum, yields 
the anhydrous monoxide as a reddish black mass retaining the 
shape of the crystals. It is partially reduced to metal by hydrogen 
at a red heat. When fused with sulphur it yields thallious sul- 
phide, It dissolves readily in water, forming a colourless strongly 
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alkaline Bolution, which re-acts with metallic salts very much like 
caustic potash. This solution treated with zinc, or subjected to 
electrolysis, yields metallic thallium. 

The Trioxide^ or Thallic Oxide^ is the chief product obtained by 
burning thallium in oxygen gas. It is best prepare<l by adding 
potash to the solution of a thallic salt, and drying the precipitate 
at 260®. It is also formed by electrolysis of thallious sulphate. 
It is a dark-red powder reduced to thallious oxide at a red heat * 
neutral, insoluble in water and in alkalis. Thallic hydrate,' 
Tl'^HOg, is obtained by drying the above-mentioned precipitate 
at 100®. 

Oxygen Salts. — Both the oxides of thallium dissolve readily 
in acids, foraiing crystalline salts, soluble in water ; there are also 
a few i.iouluble thallium salts formed by double decomposition. 

Thallious carbonate^ Tl^CO^, is deposited in crystals, appa- 
rently trimetric, when a solution of thallious oxide is exposed to 
the air. It is soluble in water, and the solution has a slightly 
caustic taste and alkaline reaction. 

Sulphates. — Thallious sulphate, TI2SO4, obtained by evaporat- 
ing the chloride or nitrate with sulphuric acid, or by heating 
metallic thallium with that acid, crystallises in anhydrous rhombic 
prisms, isomorphous with potassium sulphate. It forms, with 
aluminium sulphate, the salt, AF'T1(S04)2.12H20, isomorphous 
with common alum ; and with the sulphates of magnesium, nickel, 
&c., double salts containing 6 molecules of water, and isomo^hous 
with magnesium and potassium sulphate, &c. (p. 395). — Thallic 
sulphate^ Tl/"(® 04 ) 3 -' 7 H 2 ^i separates by evaporation from a solu- 
tion of thaUic oxide in dilute suli)huric acid, in thin colourless 
laminae, which are decomposed by water, even in the cold, with 
separation of brown thallic oxide. 

Phosphates. — The thallious phosphates form a series nearly as 
complete as those of the alkali-metals, which they also resemble 
in their behaviour when heated. There are three orthophosphates^ 
containing respectively H2TIPO4, IITI2PO4, and TI3PO4. The 
first two are soluble in water ; the second is obtained by neutra- 
lising dilute phosphoric acid at boiling heat with thallious carbon- 
ate ; and the first by mixing the dithallious salt with excess of 
phosphoric acid. The trithallious salt, TI3PO4, is very sparingly 
soluble, and is formed as a crystalline precipitate on mixing the 
saturated solutions of ordinary disodic phosphate and thallious 
sulphate ; also, together with ammonio-thallious phosphate, by 
treating the monothallious or dithallious salt with excess of 
ammonia. There are two thallio^is pyrophosphates, H«Tl2P207, 
and TI4P2O7, both very soluble in water : the first produced by 
carefully heating monothallious orthophosphate, the second by 
strongly heating dithallious orthophosphate. Of thallious meta- 
phosphate, TIPO3, there are two modifications : the first remaining 
as a slightly soluble vitreous mass when monothallious orthophos- 
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phate is strongly ignited, the second obtained as an easily soluble 
glass by igniting ammonio-thallious orthophosphate. 

Thallic orthophosphatCy Tr'T04.2H20, separates as an insoluble 
gelatinous precipitate on diluting a solution of thallic nitrate mixed 
with phosphoric acid. 

Thallium Sulphide, TlgS. — This compound is precipitated 
from all thallious salts by ammonium sulphide, and from the 
acetate, carbonate, or oxalate, by hydrogen sulphide (incompletely 
also from the nitrate, sulphate, or chloride^ in dense flocks of a 
greyish or brownish-black colour. Thallic salts appear to be 
reduced to thallious salts by boiling with ammonium suljjhide; 
Thallium sulphate projected into fused potassium cyanide is re- 
duced to sulphide, which then forms a brittle metallic-looking 
mass, having the lustre of plumbago, and fusing more 'readily 
than metallic thallium. 

Reactio7i8 of Thallium Salts. — The reactions of thallious salts 
with hydrogen sulphide and ammonium sulphide have just been 
mentioned. From their aqueous solutions thalUuin is rapidly 
precipitated in metallic crystals by zinCy slowly by iron. Soluble 
chlorides precipitate difficultly soluble white thallious chloride; 
soluble bromides throw down white, nearly insoluble bromide; 
soluble iodides precipitate insoluble yellow thallious iodide. 
Caustic alkalis and aimline carbonates form no precipitate ; sodium 
phosphate forms a white precipitate, insoluble in ammonia, easily 
soluble in acids. 

Potassium chromate gives a yellow precipitate of thallious chrom- 
ate, insoluble in cold nitric or sulphuric acid, but turning orange- 
red on boiling in the acid solution. — Platinic chloride precipitates 
a very pale-yellow insoluble double salt. 

Thallic salts are easily distinguished from thallious salts by 
their behaviour with alkalis, and with soluble chlorides or bromides. 
Their solutions give with ammoniay and with fixed alkalis and 
their carbonatesy a brown gelatinous precipitate of thallic oxide, 
containing the whole of the thalHum. Soluble chlorides or bro- 
mides produce no precipitate in solutions of pure thallic salts ; but 
if a thallious salt is likewise present, a precipitate of sesquichloride 
or sesquibromide is formed. Oxalic acid forms in solutions of 
thallic salts a white pulverulent precipitate ; phosphoric acid a 
white gelatinous precipitate ; and arsenic acid a yellow gelatinous 
precipitate. Thallic nitrate gives with potassium ferrocyanide a 
green, and with the ferricyanide a yellow precipiUite. 

In examining a mixed metallic solution, thallium will be found 
in the precipitate thrown down by ammonium sulphide, together 
with iron, nickel, manganese, &c. From these metals it may be 
easily separated by precipitation wdth potassium iodide 01 platillic 
chloride, or by reduction to the metallic state with zinc. 
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Thallimn salts are reduced Lefore tlie blow -pipe with charcoal 
and sodium carbonate or potassium cyanide. The green colour 
imparted to flame by thallium, and the peculiar character of its 
spectrum, have already been mentioned. 


INDIUM. 

Atomic weight, 113 ‘4; symbol, In. 

This extremely rare metal was discovered in 1863, by Eeich and 
Richter in the zinc-blende of Freiberg, and has since been found 
in a few other zinc-ores and in the flue-dust of zinc-fumaces. The 
metallic sponge which remains when the crude zinc of the Freiberg 
works is dissolved in dilute suli)huric acid, contains the whole of 
the indium (0*045 per cent.) together with lead, arsenic, cadmium, 
and iron. It is dissolved in nitric acid; the lead, arsenic, and 
cadmium are precipitated by hydrogen sulphide ; and the filtered 
solution is heated with potassium chlorate to bring all the iron to 
the state of ferric salt, and then treated with ammonia, which 
precipitates the indium as a hydrate, together with iron and zinc. 
The precipitate is dissolved in acetic acid ; the indiiun is precipi- 
♦ tated as sulphide by hydrogen sulphide ; and freed from traces of 
iron and zinc by dissolving the precipitate in dilute hydrocliloric 
acid, precipitating the indium hy agitation with barium carbonate, 
dissolving out the indium hydrate by dilute sulphuric acid, and 
reprecipitating with ammonia. 

Indiiun, reduced from its oxide by ignition with sodium, is a 
silver- white metal, soft and ductile, has a specific gravity of 7*421, 
melts at 176°, and is less volatile than cacunium or zinc. When 
heated to redness in the air, it bums with a violet flame, and is 
converted into the yellow sesemioxide. Heated in chlorine, it 
bums with a yellow-green lignt, and fomis a chloride, which 
sublimes without fusion at an incipient red heat in soft white 
laminae. 

Indium dissolves in the strong mineral acids, and is precipitated 
from the solutions by zinc and cadmium. Hydrogen sulphide pre- 
cipitates it completely, as a yellow sulphide, from a solution of 
its acetate, and from neutral solutions of indium salts in general, 
but not from solutions containing excess of the strong mineral 
acids. Am/monia and sodium carbonate produce white precipitates 
insoluble in excess; caustic potash or soda thz'ows down white 
indium hydrate soluble in excess of the alkali. Ammonium car- 

honate forms a. white precipitate soluble in excess, and reprecipi- 
tated on boiling. Barium carbonate precipitates indium com- 
pletely. 

The spectrum of indium is characterised by two itfdigo^coloured 
lines, one very bright and more refrangible than the blue line of 
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strontium, the other fainter and still more refrangible, and ap- 
proaching the blue line of potassium. It was the observation of 
this peculiar spectrum that led to the discovery of the metal. 

The formulae of the principal normal indium compounds are as 
follows : 

Chloride, InCl, 

Indium and Ammonium Chloride, 2 Nri 4 Cl.lnCl 3 + H 2 O 

Yellow Oxide, . . . In^^s 

Hydrate, InH 303 

Nitrate, ..... InNO^ 

Sulphate, In 2 (S 04)3 + 9 H 2 O. 

The yellow oxide, heated in a stream of hydrogen, is succes- 
sively reduced to a green, a grey, and a black oxide (InOg), and 
at a low red heat to the metallic state. 

GOIiB. 

Atomic weight, 197; symbol, Au (Aurum). 

Gold, in small quantities, is a very widely diffused metal ; traces 
of it are constantly found in the iron pyrites of the more ancient 
rocks. It is always met with in the metallic state, sometimes 
beautifully crj^stallised in the cubic form, associated with quartz, 
iron oxide, and other substances, in regular mineral veins. The 
sands of various rivers have long furnished gold derived from this 
source, and separable by a simple process 01 washing ; such is the 
gold-dust of commerce. When a veinstone is wrought for gold, it 
is stamped to powder, and shaken in a suitable apparatus with 
water and mercury ; an amalgam is thus formed, which is after- 
wards separated from the mixture and decomposed- by distillation. 
Formerly, the chief supply of gold was obtained from the mines 
of Brazil, Hungary, and the Ural mountains; but California and 
Australia now yield by far the largest quantity. The new gold- 
field of British Columbia is also very productive. 

Native gold is almost always alloyed with silver. The purest 
specimens have been obtained from Schabrowski, near Katharinen- 
Durg, in the UraL A specimen analysed by Gustay Rose was found 
to contain 98 '96 per cent, of gold. The Californian gold averages 
from 87’5 to 88-5 per cent., and the Australian from 96 to 96*6 per 
cent. In some specimens of native gold, as in that from Linarow^, 
in the Altai mountains, the percentage of gold is as low as 60 per 
cent., the remainder being silver. 

Pure gold is obtained from its alloys by solution in m’tro-mur- 
iatic acid and precipitation with a ferrous salt, which reduces the 
gold, and is ilj^elf converted into a ferric salt, thus : — 

6 FeSO^ -f- 2 AUCI 3 = 2Fe2{SO^s + Fe^Cle + Au^. 
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The gold falls as a brown powder which acquires the metallic lustre 
by friction. 

Gold is a soft metal, having a beautiful yellow colour. It sur- 
passes all other metals in malleability, the thinnest gold leaf not 
exceeding, it is said, Tinr.Tnnr of an inch in thickness, while the 
gilding on the silver wire used in the manufacture of gold-lace is still 
thinner. It may also be drawn into very fine wire. Gold has a 
density of 19 * 5 ; it melts at a temperature a little above the fusing 
point of silver. Neither air nor water affects it in the least at any 
temperature; the ordinary acids fail to attack it singly. A mix-^ 
ture of nitric and hydrqcUoric acid ^lissolves gold, however, with ' 
ease, the actmT agentXeing The lT 5 e chlorine. 

Gold forms two series of compounds: the aurous com- 
pounds, in which it is univalent, as AuCl, AmO, &c., and the 
auric compounds, in which it is trivalent, as Au'^Clg, Au'"203, &c. 

Chlorides. — The monochloride or Aurous chloride^ AuCl, is 
produced when the trichloride is evaporated to dryness, and ex- 
posed to a heat of 227 °, until chlorine ceases to be exhaled. It 
forms a yellowish-white mass, insoluble in water. In contact 
with that liquid it is decomjjosed slowly in the cold, and rapidly 
by the aid of heat, into metallic gold and trichloride. J A f ^ 

The trichloride or Auric cKToriaeT^uClg, is tEe most important - 
compound of gold : it is always produced when gold is dissolved 
in nitro-muriatic acid. The deep yellow solution thus obtained 
yields, by evaporation, yellow crystals of the double chloride of gold 
and hydrogen : when this is cautiously heated, hydrochloric acid 
is expelled, and the residue, on cooling, solidifies to a red crystalline 
mass of auric chloride, very deliquescent, and soluble in water, 
alcohol, and ether. Auric chloride combines with a number of 
metallic chlorides, forming a series of double salts, called chloro- 
aurates, of which the general formula in the anhydrous state is 
MChAuCl^, M representing an atom of a monad metal. These 
compounds are mostly yellow when in crystals, and red when 
deprived of water. The ammonium salt ^ NH4Cl.AuCl3.H2O, crys- 
tallises in transparent needles ; the sodium salt, NaCl.AuCl3.2H2O, 
in long four-sided prisms. Auric chloride likewise fbmis crystal- 
line double salts with the hydrochlorides of many organic bases. 

A mixture of auric chloride with excess of acid potassium or 
sodium carbonate is used for gilding small ornamental articles of 
copper ; these are cleaned by dilute nitric acid, and then boiled in 
the mixture for some time, by which means they acquire a thin 
but perfect coating of reduced gold. 

Oxides. — The monoxide j or Aurous oxidcy is produced "when \ 
caustic potash in solution is poured upon the monochlorirle. It is \ 

a green powder, partly soluble in the alkaline liquid ; the solution 
rapidly decomposes into metallic gold, which subsides, and auric 
oxide, which remains dissolved, 
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Trioxidef or Auric oxide^ Aii203. — When magnesia is added to 
aniic cUoride, and the sparingly soluble aurate of magnesium well 
washed and digested with nitric acid, auric oxide is left as an 
insoluble reddiSi-yellow powder, which when dry becomes chest- 
nut-brown. It is easily reduced by heat, and by mere expo- 
sure to light ; it is insoluble in oxygen-acids, wdth the exception 
of strong nitric acid, insoluble in hydrofluoric acid, easily dissolved 
by hydrochloric and hydrobromic acids. Alkalis dissolve it freely : 
indeed, the acid properties of this substance are very strongly 
marked ; it partially decomposes a solution of potassium chloride 
when boiled with that liquid, potassium hydrate being produced. 
When digested with ammonia, it yields fulminating gold, consist- 
ing, according to Berzelius, of Au203.4NH3,H20. 

The compounds of auric oxide with alkalis are called aurates. 
The potassium saltj KgO.AiuOg.flHgO or KAiiOg-SHoO, is a crystal- 
line salt, the solution of vmich is sometimes usedf as a bath for 
electro-gilding. A compound of aurate and acid sidphite of potas- 
sium, or potassium aurosulphite^ 2(KAu02.4KHS03).H20, is de- 
posited in yellow needles when potassium sulphite is added, drop 
by drop, to an alkaline solution of potassium aurate. 

Gold shows but little tendency to form oxygen-salts. Auric 
oxide dissolves in strong nitric acid, but the solution is decom- 
posed by evaporation or dilution. A sodio-aurous thiosulphate^ 
Ifa3Au(S205)2.2H20, is prepared by mixing the concentrated solu- 
tions m auric chloride and sodium thiosulphate, and precipitating 
with alcohol. It is very soluble in water and crystallises in colour- 
less needles. Its solution is used for fixing daguerreotype pictures. 
With barium chloride, it yields a gelatinous precipitate of 6 ano- 
aurous thiosulphate^ Ba'3Au2(S203)4. 

Sulphides. — Aurous sulphide^ AugS, is formed as a dark-brown, 
almost black precipitate when hydrogen sulphide is passed into a 
boiling solution of auric chloride. It forms sulphur-salts with the 
monosulphides of potassium and sodium. Auric sulphide^ AugSg, 
is precipitated in yellow flocks when hydrogen sulphide is passed 
into a cold dilute solution of auric chloride. Both these sulphides 
dissolve in ammonium sulphide. 


The presence of gold in solution may be detected by the brown 
precipitate with ferrous sulphate^ fusible before the blow-pipe to a 
Dead of metallic gold ; also by the brownish-purple precipitate, 
called “Puride of Cassius,” formed when stannous chlomde is 
added to dilute gold solutions. The composition of this precipitate 
is not exactly known, but after ignition it doubtless consists of a 
mixture of stannic oxide and metallic gold.* It is used in enamel 
pamting. 

Oxalic acid slowly reduces gold to the metallic state : to ensure 
complete precipitation, the gold-solution must be ^gested with 
* Graham’s Elements of Chemistry, 2 nd edit. vol. ii. p. 363 . 
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it for 24 hours. For the quantitative analysis of a solution con- 
taining gold and other metds, oxalic acid is in most cases a more 
convenient precipitant than ferrous sulphate ; inasmuch as, if the 
quantities of the other metals are also to he determined, the 

{ )resence of a large quantity of iron sf<’’t may complicate the ana- 
ysis considerably. 

• 

Gold intended for coin, and most other purposes, is always al- 
loyed with a certain proportion of silver or copper, to increase 
its hardness and durability ; the first-named metm confers a pale 
greenish colour. English standard gold contains yV of alloy, now 
always copper. Gold when alloyed with copper may be estimated 
by fusion in a cupel with lead, in the same way as in the alloy 
with silver. If the alloy be free from silver, the weight of the 
globule of gold left in the cupel will, after repeated fusions, accu- 
rately represent the quantity of gold which is present in the alloy. 
But if the alloy contains silver, that metal remains with the gold 
after cupellation. In this case the original alloy, consisting of 
gold, silver, and copj)er, is fused in the muffle, together with lead 
and silver ; the alloy of gold and silver remaining after cupellation 
is then boiled with nitric acid, which dissolves the silver, the gold 
being left behind. By treatment of the alloy of gold and silver 
with nitric acid, an accurate separation is obtained only when the 
< wo metals are present in certain proportions. If the allw con- 
tains but little silver, that metal is protected from the acHon of 
the nitric acid by the gold ; again, if it contains too much silver, 
the gold is left as a powder when the silver is dissolved out. Ex- 
perience has shown that the most favourable proportions are J 
gold to I silver ; the gold is then left pure, retaining the original 
shape of the alloy, and can be easily dried and weiglied. The 
quantity of silver which is added to the alloy must therefore vary 
with the amount of gold which it contains. 

Gold-leaf is made hy rolling out plates of pure gold as thin as 

E ossihle, and then heating them between fohls of membrane with a 
eavy hammer, until the requisite degree of tenuity has been reached. 
The leaf is made to adhere to wood, &c., hy size or varnish. 

Gilding on copper has veiy generally been performed by dipping 
the articles into a solution of mercury nitrate, and then shamug 
them with a small lump of a soft amalgam of gold with that metal, 
which thus becomes spread over their surfaces: the articles are 
subsequently heated to expel the mercury, and then burnished. 
Gilding on steel is done either hy applying a solution of auric 
chloride in ether or hy roughening the surface of the metal, heat- 
ing it, and applying gold-leaf with the burnisher. Gilding by 
electrolysis — an elegant and simple method, now rapidly super- 
seding many of the others — has already been noticed. The solu- 
tion usually employed is obtained by aissolving oxide or cyanide 
of gold in a solution of potassium cyanide. 
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CLASS IV.— TETRAD METALS. 

GROUP L — PLATINUM METALS. 

PLATINUM. 

Atomic weight, 197*6 ; symbol, Pt. 

Platinum, palladium, rhodium, iridium, ruthenium, and osmium, 
form a group of metals, allied in some cases by properties in com- 
mon, and still more closely by their natural association. Crude 
platinum, a native alloy of platinum, palladium, rhodium, iridium, 
and a little iron, occurs in grains and rolled masses, sometimes of 
tolerably large dimensions, mixed with ^*avel and transported 
materials, on the slope of the Ural mountains, in Russia, in Brazil, 
and Ceylon, and in a few other places. It has never been seen in 
the rock, which, however, is judged from the accomj)anying mate- 
rials to have been serpentine. 

From this substance platinum is prepared by the following 
process: The crude metal is acted upon as far as possible by 
L nitro-muriatic acid, containing an excess of hydrochloric acid and 
slight^ diluted with water, in order to dissolve as small a quan- 
tity of iridium as possible : to a deei^yellowish-red and highly 
acid solution thus produced, sal-^raoniac is added, by which 
nearly the whole of the platinum is thrown down in the state of 
ammonium platinochloridc. This substance, washed with a little 
cold water, dried, and heated to redness, leaves metallic platinum 
in the spongy state. This metal cannot be fused into a compact 
mass by ordinary furnace-heat, but the same object may be accom- 
plished by taking advantage of its property of welding, like iron, 
at a high temperature. The spongy platinum is made into a thin 
uniform paste with water, introduced into a slightly conical mould 
of brass, and subjected to a graduated pressure, by which the 
water is squeezed out, and the mass rendered at length sufficiently 
solid to bear handling. It is then dried, very carefully heated to 
whiteness, and hammered, or subjected to powerful pressure. If 
this operation is properly conducted, the platinum will then be in 
a state to bear forging into a bar, which can afterwards rolled 
into plates, or drawn into wire, at pleasure. 

A method for refining platinum has lately been devised by Deville 
and Debray. It consists in submitting the crude metal to the 
action of an intensely high temperature in a crucible of lime. The 
apparatus they employ is as follows : — The lower part of the fur- 
nace consists of a piece of lime, hollowed out in the centre to the 
depth of about a quarter of an inch ; a small notch is filed at one 
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side of this basin, through which the metal is introduced and 
poured out. A cover made of another piece of lime fits on the top 
of this basin; it is also hollowed to a small extent, and has a 
conical perforation at the top, into which is inserted the nozzle of 
an oxy-hydrogen blow-pipe. The whole arrangement is firmly 
bound with iron wire. To use the apparatus, the stopcock sup- 
plying the hydrogen (or coal gas) is opened and the gas lighted at 
the notch in the crucil)le : the oxygen is then gradually supplied ; 
and when the furnace is suiliciently hot, the metal is introduced 
ill small [lieces through the orifice. By this arrangement as much 
as 5t) pounds of platinum and more may be fused at once. All 
the impurities in the platinum, except the iridium and rhodium, 
are separated in this manner: the gold and palladium are vola- 
tilised ; the sulphur, phosphorus, arsenic, anci osmium, oxidised 
and volatilised ; and the iron and copper oxidised and absorbed 
by the lime of the crucible. 

Platinum is a little whiter lhan iron ; it is exceedingly malle- 
able and ductile, both hot and cold, and is very infusible, melting 
only before the oxy-hydrogen blow-pipe, or in the powerful blast- 
furnace just described. It is the heaviest substance known, its 
specific gravity being 21 *5. Neither air, moisture, nor the ordinary 
acids attack platinum in the slightest degree at any temperature: 
hence its great value in the construclion of chemical vessels. It 
is dissolved hy nitro-muriatic acid, and superficially oxidised by 
fused iiotassium hydrate, w’hu;h enters into combination viith the 
oxide. 

The remarkable property (»f the spongy metal to determine the 
union of oxygen and hydrogen has been already noticed. There 
is a still more curious state in which jdatinum can be obtained — 
that of platinum-hlaclc^ in wdiich the division is carried much 
further. It is easily prepared by boiling a solution of platinic 
chloride to w hich an excess of sodium carbonate and a quantity of 
sugar have been added, until the precij)itate fonned after a little 
time becomes perfectly black, and the supernatant liquid colour- 
less. The black powxler is collected on a filter, washed, and dried 
by gentle heat. This subsUince appears to possess the property of 
condensing gases, more especially oxygen, into its pores to a veiy 
great extent; when i)lacea in contact with a solution of formic 
acid, it converts the latter, wdth copious efl’ervescence, into carbonic 
acid ; alcohol, dropped upon the platinum-black, becomes changed 
by oxidation to acetic acid, the rise of temperature being often 
sufficient! V great to cause inflammation. When exposed to a red- 
heat, the black substance shrinks in volume, assimies the appear- 
ance of common spongy platinum, and loses these peculiarities, 
which are no doubt the I’esult of its excessively comminuted 
state. 

Platinum forms two series of compounds: the platinous 
compounds, in which it is bivalent, e.g.^ Pt"Cl 2 , Pt"0, and 
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the jplatinic compounds, in which it is quadrivalent, 

Pt‘"dl4, Pt^'Oj, &C. 

‘ Chlorides. — The dichloridey or Platinums chlonde^ Pt''Cl2, is 
produced when platinic chloride, dried and powdered, is exnposed 
mr some time to a heat of about 200®, whereby halt the chlorine 
is expelled ; also, when sulphurous acid gas is passed into a solu- 
tion of the tetrachloride until the latter ceases to mve a precipitate 
with sal-ammoniac. It is a gi'eenish-grey jx)\vaer, insoluble in 
water, but dissolved by hydrochloric acid. The latter solution, 
mixed with sal-ammoniac or potiissium chloride, de|X)sits a double 
salt in fine red prismatic crystals, containing, in the last case, 
2 KCI PtCl^. The coiTesjionding s(xli um-conipoiiml is very soluble, 
and diificult to crystallise. These double salts ai^e cniled platinoso- 
chlorides or chloropldtinites. Platinous chloride is decomposed i>y 
heat into chlorine and metallic phUinaiiL 
The tetrachloride, or Platinic chloride , PV*(\ is ahvays formed 
w'heii platinum is dissol'V'ed in ni\To*ni\\Yvalic acid. The acid solu- 
tion yields, on evaporation to dryness, a red or l>rown residue, 
deliquescent, and very soluble both in water and in alcohol ; the 
aqueous solution has a pure orange-yellow tint. Platinic chloride 
unites writh a great variety of metallic chlorides, fonning double 
salts called platino-chlorides or chloro-platinntes ; the most important 
of these compounds are those containing the metals of the alkalis 
and ammonium. Potassium platinochloride, 2Kn.PtCl4, fonus a 
bright yellow crystalline precipitate, being produced whenever 
solutions of the chlorides of platinum anti of potasvsium are 
•mixed, or a potassium salt mixect with a little hydrochloric acid is 
added to platinum tetrachloride. It is feebly soluble in w^ater, 
still less soluble in dilute alcohol, and is decomi)osed with some 
difficulty by heat. It is easily reduced by hydrogen at a high 
temperature, yielding a mixture of potassium chloride and plati- 
num-black : the latter substance may thus, indeed, be very easily 
prepared. The sodium-salt, 2NaCl.PtCl4.6H2O, is very soluble, 
crystallising in large, transparent yellow -red prisms of great 
b^uty. The ammonium-salt, 2NH4Cl.PtCl4, is undistinguisbable, 
in physical characters, from the potassium-salt : it is thrown dowm 
as a precipitate of small, transparent, yellow, octohedral crystals 
when sal-ammoniac is mixed with platinic chloride; it is but 
feebly soluble in water, still less so in dilute alcohol, and is de- 
composed by heat, yielding spongy platinum, wdiile sal-ammoniac, 
hydrochloric acid, and nitrogen are driven off. Platinic chloride 
also forms ciystallisable double salts w ith the hydrochlorides of 
many organic bases ; with ethylamiiie, for example, the com- 
pound, 2[NH2(CgHs).HCl].PtCl4. 

The bromides and iodides of platinv/m are analogous in composi- 
tion to the chlorides, and likewise form double salts with alkaline 
bromides and iodides. 
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Oxides. — The moTwxide^ or Platinotis oxides Pt" 0 , is obtained 
by digesting the dichloride with caustic potash, as a black powder, 
soluble in excess of alkali It dissolves also in acids with brown 
colour, and the solutions are not precipitated by sal-ammoniac. 
When platinum dioxide is heated with solution of oxalic acid, it 
is reduced to monoxide, which remains dissolved. The liquid has 
a dark blue colour, and deposits fine copper-red needles of platinous 
oxalate. 

The dioxide, or Platinic oxide, Ptf'Og, is best prepared by adding 
* barium nitrate to a solution of platinic sulphate ; barium sulphate 
and platiTjic nitrate are then produced, and from the latter caustic 
soda pn cit '♦ates one-half of the platinum as platinic hydrate. 
The sulphate is itself obtained by acting with strong nitric acid 
upon platinum bisulphide, which falls as a black powder when a 
solution of the tetrachloride is dropped into potassium sulphide. 
Platinic hydrate is a bulky brown powder, which, when gently 
heated, becomes black and anhydrous. It may also be formed 
by boiling platinic chloride with a great excess of caustic soda, 
and then adding acetic acid. It dissolves in acids, and combines 
with bases : the salts have a yellow or red tint, and a great dis- 
position to unite with salts of the alkalis and alkaline earths, 
giving rise to a scries of double compounds, which are not preci- 
pitated by excess of alkali, A combination of platinic oxide with 
ammonia exists, which is explosive. Both oxides of platinum are 
reduced to the metallic state by ignition. 

Sulphides. — The compounds, Pt"S and Pt*’S2, are produced by 
the action of hydrogen sulphide, or the sulphydrate of an alkali- 
nietal, on the dichloride and tetrachloride of platinum respectively; 
they are both black substances, insoluble in water. Platinic sul- 
phide heated in a close vessel gives off half its sulphur, and is 
reduced to platinous sulphide. It dissolves in alkaline hydrates, 
carbonates, and sulphides, forming salts called sulphoplatinates, 
which are decomposed by acids. 

Ammoniacal Platinum Compounds. ' , , . | 

The chlorides, oxides, sulphates, &c., of platinum are capable of 
taking up two or more molecules of ammonia, and forming com- 
pounds analogous in many respects to the ammoniacal mercury 
compounds already descrilJed. There are five series of these com- 

E ounds, which may be formulated as in the following table, the sym- 
ol R denoting a univalent chlorous radical, such as Cl, Br, NO^, &c. 

I. Diammonio-platinous compounds, 2NH3.Pt"R2. 

II. Tetrammonio-platinous compounds, 4NH3.Pt"R2. 

III. Diammonio-platinic compounds, 2NH3.Pt*''R4 . 

IV. Tetrammonio-platinic compounds, 4NH3.Pt*^R4. 

V. Octammonio-diplatinic compounds, 8NH3.Pt‘^2®6®^'^* 
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Any number of atoms of the univalent radical R may be re- 
placed in these compounds by an equivalent quantity of another 
radical, univalent or multivalent, thus giving rise to oxychlorides, 
nitrato-chlorides, oxynitrates, &c. 

The IHammonio-platinous and TetrarriTnonio-platinic Compounds 
(I. and IV.) may evidently be derived from double and quadruple 
molecules of ammonium salts, by the substitution of iV' or Pt*'" 
for an equivalent quantity of nydrogen : e.gr., 2NH3.Pt''Cl2 = 
(NgHePt'O-Cla, and 4NH3.Pra4 = (N4Hi2Pt‘0.n^. The com- 
position of the tetrammonio-platiywm compounds (JL1») will be under- 
stood when it is remembered that, nitrogen being a pentad 
element, NH3 is a bivalent radical, and that any nuinl)er of such 
radicals may be added to a compound without disturbing the 
balance of equivalency (pp. 248 , 249 ). Further, since the addition 
of NH3 to any compound containing hydrogen comes to the same 
thing as replacing an atom of hydrogen in that compound by 
ammonium, NH4, these tetrammonio-platinous compounds may 
also be regarded as salts of diammoplatoso-diammonium^ that is, of 
a double ammonium molecule, 1^2^85 which tAvo atoms of 
hydrogen are replaced by Pi", and two more by (NH4)2. — In the 
diammonio-platinic compounds (III.), the bivalent radical, (Pf’^Clg)", 
plays the same part as Pt'' in the diammonio-platinous compounds. 

"the following table exhibits the constitution of the several 
groups of compounds according to these views, taking the chlorides 
as examples : — 

NH3CI 

1 . 2NH3.PtCl2 = (NjHePt'OClg = Pt 

NILC!! 

IL 4 NH 3 .Pt"Cl 2 = [N2H4(NH4)2Pt"]Cl2 = P*t 

iN^H3Cl 

NH3CI 

III. 2NH3.Pt‘’Cl4 « [N2H3(Pf’Cl2r]Cl2 = p'tcia 

N2H3CI2 

II 

= Pt 

N.3HeCl2. 


IV. 4NH3.Pt''Cl4 = (N4Hi2Pt'')Cl4 
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V. The octanfi'nionio-dAplatinic compounds consist of double 
molecules of tetrammonio-platinic compounds having two or 
more molecules of the univalent radical B, replaced by an equi- 
valent (quantity of a bivalent radical ; e, the oxynitrate = 

8NH3.Pf',(N03)oO"= | ' ^^3)0. 

L Diammonio-platinous Compounds, — These compounds 
are formed by the action of heat on those of the following series, 
half the ammonia of the latter being then given ofi'. They are for 
the most pait insoluble in water, but dissolve in ammonia, repro- 
ducing the tetrammoniojdatirious compounds: tliey detonate 
when neated. 

Chloride^ NgHgPt'^Cl^. — Of this compound there are tlirce iso- 
meric modifications ; u. Yellow^ obLiined by adding hydrochloric 
acid, or a soluble chloride, to a solution of diammonio-platinous 
nitrate or sulphate, or by boiling the green modification, y, with 
ammonium nitrate or sulphate ; or, by neutralising a solution of 

E latinous chloride in liydrochloric acid with ammonium carbonate, 
eating the mixture to the boiling-point, and adding a quantity of 
Jimmonia e<iual to that ali*eady contained in the Ihpiid, filtering 
from a dingy green substance, which deposits after a while, then 
leaving the solution to cool, and decanting the supernatant liquid 
as soon as the yellow salt is deposited, Red, — If, in the last 

mode of preparation, the ammoniiun carbonate, instead of being 
added at once in excess, be added drop by drop to the hydro- 
chloric acid solution of platinous chloride, the liquid on cooling 
deposits small garnet-coloured crystals liaving the form of six- 
sided tables. This red modification may also be obtained in other 
ways. y. Green, — This modification, usually denominated the 
green salt of Mafpius, was the first discovered of the amiuoniacal 
platinum compounds. It is obtained by gradually adding an acid 
solution of platinous chloride to caustic ammonia ; or by passing 
sulphurous acid gas into a boiling solution of platinic chloride, 
till it is completely converted into platinous chloride (and there- 
fore no longer gives a precipitate with sal-ammoniac), and neu- 
tralising the solution with ammonia ; the compound is then de- 
posited in green needles. The same modification of the salt may 
also be obtained by adding an acid solution of platinous chloride 
to a solution of tetrammonio-jdatinous chloride, N4Hi2Pt"Cl2. 
The corresponding iodide^ N2HQPt"l2, is a yellow powder, 
obtained by heating the aqueous solution of the compound, 
N4HioPt"^ It dissolves in ammonia, reproducing the latter com- 
pound. Tlie oxide, NgH^Pt'^O, obtained oy heating tetrammonio- 
platinous hydrate to lio”, is a greyish lutiss, which, w'hen heated 
to 10 (P in a close vessel, gives off water, ammonia, and nitrogen, 
and leaves metallic platinum. The hydrate^ N2HgPt".(HO)2, 
obtained by decomposing the sulphate with baryta-water, is a 
strong base, soluble in water, having an alkaline reaction, absorb- 
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ina wboiuc acid from the air, and liberating ammonia from its 
KW W?‘"S04.H,0, and the niirafe, 

iSSll. the iodide with sulphate 

*‘*rr\**“‘! cryst^hne, and have a stwiJ acid 
^faon. The sulphate retains a molecule of crrstellisation- water 
which cannot be reraove!! without decomposing the salt. * 

XT n' Compottnds.— The chlonde, 

»4n.^2rt CI2, is prepaml by boiling platinous chloride, or the 
green salt of Magnus^ with aqueous animoiiia till the whole is 
uissolved, and evaporating the liquid to the crystallising point 
The bromide and iodide of this series are obtained by treating the 
solution of the sulphate ydi\\ bromide or iodide of barium : they 
crystallise in cu\)es. The oxidcy N 4 Hi 2 Pt" 0 , is obtained as a crys- 
talline mass by decomposing the solution of the sulphate with an 
equivalent quantity of barj^a-water, and evaporating the filtrate 
in a vacuimi. It is strongly alkaline and caustic, like potash, 
absorbs carbonic acid rapidly from the air, and precipitates silver 
oxide from the solution of the nitrate. It is a strong base, neu- 
tralising acids completely, and expelling ammonia from its salts. 
It melts at 110 ^, giving off water and ammonia, and leaving 
diammonio-platinous oxide. Its aqueous solution does not give 
off ammonia, even when boiled. 

Carbonates, — The oxide absorbs carbon dioxide r^idly from the 
forming first a neutral carbonate, N4Hi2Pt"u03.H20, and 


our. 


afterwards an acid salt, N4H,9Pt"C03. HoCOg. The sulphate^ 
N’4Hi2Pt"S04, and the nitratej ]N4Hi2Pt"(N03)2, are obtained by 
lecomnosing the chloride with silver sulphate or nitrate ; they are 
leutrai, and crystallise easily. 


III. Diammonio-platinic Compounds, — The chloride, 
T2H3Pt^’Cl4, is obtained by passing chlorine gas into boiling water 
\ which diammonio-platinous chloride (the yellow modification) 
i suspended. This compound is insoluble in cold water, and 
ary slightly soluble in boiling water, or in water containing 
ydrochloric acid. It dissolves in ammonia at a boiling heat, and 
le solution, on cooling, deposits a yellow precipitate, consisting 
’ tetrammoniacal platinic chloride. It dissolves in boiling potash 
ithout evolving ammonia. 

Nitrates, — An oxynitratSy NoH3Pt‘\NOo)20", is obtained by boil- 
g the chloride, N2H3PtCl4, for several hours with a dilute solu- 
)n of silver nitrate. It is a yellow crystalline powder, sparingly 
luhle in cold, more soluble in boiling water. The normal 
IratCy N2H3Pt*'^(N03)A, is obtained by dissolving the oxynitrate 
nitric acid : it is yellowish, insoluble in cold water, soluble in 
^ nitric acid. 

The oxidsy NaHgPt'^'Oa, is obtained by adding ammonia to a 
ling solution of diammonio-platinic nitrate ; it is then precipi- 
d in the form of a heavy, yellowish, crystalline powder, com- 
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posed of small shining rhomboidal prisms ; it is nearly insoluble 
m boiling water, and resists the action of boiling potasm Heated 
in a close vessel, it gives off water ,nd ammonia, and leaves 
metallic platinum. It dissolves readily in dilute acids, even in 
acetic acid, and ibnns a large number of crystallisable salts, both 
neutral and acid, having a yellow colour, and sparingly soluble in 
water. Another compound of platinic oxide with ammonia, 
called fnlmi^iating platinum^ whose composition has not been 
exactly ascertained, is produced by decomposing ammonium 
platino-chloritle with aqueous potash. It is a straw'-coloured 
powder, which detonates slightly when suddenly heated, but 
strongly when exposed to a gradually increasing heat. 

IV. Tfitrammonio-platinic Compounds . — The oxide of 

this series has not yet been isolated. The chloride^ N4Hi2Pt‘^Cl4, 
is obtained by passing chlorine gas into a solution of tetrammonio- 
platinous chloride ; by dissohiiig diammonio-platinic chloride in 
ammonia, and expelling the excess of ammonia by evaporation ; 
or by precij)itating a solution of tetrammonio-plalinic oxynitrate 
or nitrato-chloride with hydrochloric acid. It is while, and dis- 
solves in small quantity in boiling water, from which solution it 
is deposited in the form of transparent regular octohedrons, having 
a faint yellow tint. When a solution of this salt is treated with 
silver nitrate, one-half of the chlorine is very easily precipitated, 
but to remove even a small portion of the remainder requires 
a long-continued action of the silver-salt. The chlorohromide. 
N^HigPt^’BrgClg, is prepared by treating tetrammonio-platinous 
chloride with bromine. An oxynitrate^ N4Hi2Pt*’'(N03^0; a 
nitrato-chloride^ N4Hi2Pt'XNOg)2Cl2; a NgHj^^Pt*’' 

(S04y'Cl2; and an oxalo-chloridey N4Hi2Pt‘'(C204)"Cl2, have like- 
mse been obtained. 

V. Octammonio-diplatinic Compounds . — An oxynitrate 
or basic nitrate^ N8H24Pt‘’2(^^3)^^^ ^ produced by boiling tetram- 
monio-platinous nitrate with nitric acid. It is a colourless, crys- 
talline, detonating salt, sb'ghtly soluble in cold water, more soluble 
in boiling water, insoluble in nitric acid (Gerhard t). A nitrat- 
oxychloride^ N8H24Pt*’2(N03)40"Cl2, discovered by Eaewsky, is 
formed when Ma^us^s green salt is boiled with a laige excess of 
nitric acid. Red fumes are then evolved, and the resulting solu- 
tion deposits the nitrat-oxychloride in small brilliant needles, 
which deflagrate when heated, giving off water and sal-ammoniac, 
and leaving metallic platinum. The nitric acid in this salt may 
be replaced by an equivalent quantity of carbonic or oxalic acid, 
yielding the compounds, NpH24Pt*’2(C03)"o(y'Clo, and N8H24Pt*’2 

gO^Clg, both of which are crystallisable and sparingly 
soluble.^ A bccsic oocalo-nitrate^ in- 

soluble in water, is obtained by adding ammonium oxalate to the 
oxynitrate. 
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Reactions of Platinum Salts. — Platinic chloride or a platinic 
oxygen-salt may he recognised in solution hy the yellow preci- 
pitate which it forms with sal-ammoniac^ decomposable by heat, 
with production of spongy metal. 

Hydrogen sulphide and ammonium sulphide giYidually foim a 
brown precipitate of platinic sulphide, soluble in excess of am- 
monium sulphide. Zinc precipitates metallic platinum. 

Platinic chloride and sodium platinochloride are employed in 
analytical investigations to detect the presence of potassium and 
separate it from sodium. For the latter purpose, the alkaline salts 
are convei’ted into chlorides, and in this state mixed with four 
times their weight of sodium platinochloride in crystals, the whole 
being dissolved in a little water. When the formation of the 
yellow salt appears complete, alcohol is added, and the precipitate 
collected on a weighed filter, washed with weak spirit, carefullj 
dried, and weighed. The potassium chloride is then easily 
reckoned from the weight of the double salt ; and this, subtracted 
from the weight of the mixed chlorides employed, gives that of 
the sodium chloride by difference ; 100 parts of potassium platiiio- 
chloride correspond to 30'51 parts of potassium chloride. 

Capsules and crucibles of platinum are of great value to the 
chemist; the latter are constantly used in mineral analysis for 
fusing siliceous matter with alkaline carbonates. They suffer no 
injury in this operation, although caustic alkali roughens and cor- 
rodes the metal. The ex]:)erimenter must be particularly careful 
to avoid introducing any oxide of an easily fusible metaJ, as that 
of lead or tin, into a platinum crucible. If reduction should by 
any means occur, these metals will at once alloy themselves with 
the platinum, and tlie vessel will be destroyed. A platinum 
crucible must never be put naked into a coke or charcoal fire, but 
always placed within a covered earthen crucible. 


PALLADIUM. 

Atomic weight, 106*5 ; symbol, PJ. 

When the solution of crude platinum, from which the greater part 
of that metal has been precipitated by sal-ammoniac, is neutTOlised 
by sodium carbonate, and mixed with a solution of mercuric 
cyanide, palladium cyanide separates as a whitish insoluble sub- 
stance, which, on being washed, dried, and heated to redness, yields 
metallic palladium in a spongy state. The palladium may then 
be welded into a mass, in the same manner as platinum. 

Palladium closely corresponds with idatinum in colour and 
appearance; it is also very malleable and ductile. Its density 
diners very much from that of platinum, being only 11*8. Palla- 
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dium is more oxidable than platinum. When heated to redness 
in the air, especially in the state of sponge, it acquires a blue or 
purple superficial film of oxide, which is again reduced at a white 
heat. This metal is slowly attack ''d by nitric acid; its best 
solvent is nitro-muriatic acid. 

Palladium, like platinum, forms two classes of compounds ; 
namely, the palladious compounds, in which it is bivalent, 
and the palladic compounds, in which it is quadrivalent. 

Chlorides. — The dichloridcj or Palladiom chloride^ Pd"Cl 2 , is 
obtained by dissolving the metal in nitro-muriatic acid, and 
evaporating the solution to dryness. It is a dark-brown mass, 
which dissolves in water if the heat has not been too great, and 
forms double salts with many metallic chlorides. The palladio- 
chlorides of ammonium and potassium are much more soluble 
than the coiTesponding platinochlorides : they have a brownish- 
yellow tint. 

The tetrachloride^ or Palladic chloride^ Pd^’^Cl^, exists only in 
solution and in combination with the alkaline chlorides. It is 
formed when the dichloride is digested in nitro-muriatic acid. 
The solution has an intense broAvn colour, and is decomposed by 
evaporation. Mixed with potassium chloride, or sal-ammoniac, it 
gives rise to a red crystalline precii)itate, which is but little soluble 
in water. 

Palladious Iodide, Pd'T 2 , is precixutated from the chloride or 
nitrate by soluble iodides, as a black mass, which gives oft* its 
iodine belween 300° and 360°. Palladium-salts are employed for 
the quantitative estimation of iodine, chlorine and bromine not 
being precipitated by them. 

Oxides. — The monoxide^ or Palladiom oxide, Pd"0, is obtained 
by evaporating to dryness, and cautiously heating the solution of 
palladium in nitric acid. It is black, and but little soluble in 
rficids. The hy<lrate falls as a dark brown precipitate when sodium 
carbonate is added to the above solution. It is decomposed by a 
strong heat. 

The dioxide or Palladic oxide, Pd^’O-, is not known in the sepa- 
rate state. From a solution of palladic chloride, alkalis and 
alkaline carbonates throw down a brown precipitate, consisting of 
hydrated palladic oxide combined with the alkali. This com- 
pound gives off half its oxygen at a moderate heat, and the whole 
at a higher temperature. From hot solutions a black precipitate 
is obtained, containing the anhydrous dioxide. The hydrate dis- 
solves slowly in acids, forming yellow solutions. In strong hydro- 
chloric acid it dissolves without decomposition, forming 
palladic chloride, arising from admixed potash ; with dilute 
hydrochloric acid, on the contrary, it gives off chlorine. 

Palladious Sulphide, Pd"S, is formed by fusing the metal 
with sulphur, or by precipitating a solution of a palladious salt 
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with hydrogen sulphide. It is insoluble in ammomum sul- 
phide. 

Ammoriacal Palladium Compounds. — A moderately concen- 
trated solution of palladium dichloride treated with a slight excess 
of ammonia, yields a beautiful flesh-coloured or rose-coloured 
precipitate, consisting of N2H0Pd''Cl2. This precipitate dissolves 
m a laige excess of ammonia ; and the ammoiuacal solution, when 
treated with acids, yields a yellow precipitate having the same 
composition. This yellow modification is likewise obtained by 
heating the red compound in the moist state to 100°, or in the dry 
state to 200° The yellow compound dissolves abundantly in 
aqueous potash, fonning a yellow solution, but without giving off 
ammonia, even when the liquid is heated to the boiling-point; the 
red compound behaves in a similar manner, but, before dissolving, 
is converted into the yellow modification. For this reason, Hugo 
Muller regards the red compoimd as palladium ammouio-chlaridey 
2NH^Pd'xl2, and the yellow as palladammonium chloride^ 
N2HgPd"Cl2. The yellow compound, digested with water an<i 
silver oxide, yields palladamrnoniiim oxide^ NoHgPd"0, which is a 
strong base, soluble in water, having an alkaline taste and reac- 
tion, and absorbing carbonic acid from the aii*. Paltadammmivm 
sulphite, N^HgPd^'^.SO^, is formed by the action of sulphurous acid 
on the oxide or chloride; it crystallises in orange-yellow octo- 
bedrons. The sulphite, chloride, iodide, and bromide, liave likewise 
been formed. 

The comwund, 4NH3.Pd'^Cl2» or ammopalladamvmninm chloride, 
[NoH.Pd^(NH4)2}"CL, separates from an aiilmoniacal solution of 
panaaammonium chloride in oblique rhombic prisms. 

The oxide, N^H^Pd^'O, obtained by decomposing the solution 
of this chloride with silver oxide, is also a strong base yielding 
crystallisable salts.* 


Palladious salts are well marked by the pale yellowish white 
precipitate which they form with solution of mercuric cyanide, 
it consists of palladious cyanide, Pd"Cy2, and is converted by heat 
into the spongy metal. 

Hydriodic acid and potassium iodide throw dowm a black prc- 
cMtate of palladium iodide, visible even to the 5(K>, 000th degree 
of dilution. 


Palladium is readily alloyed with other metals, as copper ; one 
of these compounds — ^namely, the alloy with silver — has been 
applied to useful purposes. An amalgam of palladium is now 
extensively used by dentists for stopping teeth. 

A native alloy of gold with palladium is found in Brazil. 

♦ Hugo MU Her, Ann. Ch. Pliarni. Ixxxvi. 341. 
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SHODIUM. 

Atomic weighty 104*4 ; symbol, Eh. 

Thb solution from which platinum and palladium have been 
separated, in the manner already described, is mixed with hydro- 
chloric acid, and evaporated to dryness. The residue is treated 
with alcohol, of specific gravity 0*837, which dissolves everj^thing 
except the double chloride of rnodium and sodium. This is well 
washed with spirit, dried, heated to whiteness, and then boiled 
with water, whereby sodium chloride is dissolved out, and metallic 
rhodium remains. Thus obtained, rhodium is a white, coherent, 
spongy mass, still less fusible and less capable of being welded 
than platinum. Its specific gravity varies from 10*6 to 11. 

Rhodium is very brittle : reduced to powder and heated in the 
air, it becomes oxidised, and the same alteration happens to a 
greater extent when it is fused with nitrate or bisulphate of potas- 
sium. None of the acids, singly or conjoined, dissolve this metal, 
unless it be in the state of alloj*, as with platinum, in which state 
it is attacked by nitro-muriatic acid. 

Rhodium forms but one chloride, containing RhCl3 : hence it 
might be supposed to be a triad ; but, from its analogy to the other 
platinmn metals, it is generally regarded as a tetrad, the chloride 

RhCls 

just mentioned l>eing represented by the formula RhgCl^, or ( 

* RhClg 

This chloride is prepared by adding silicoliuoric acid to the 
double chloride of rhodium and potassium, evaporating the filtered 
solution to drjmess, and dissolving the residue in water. It forms 
a brownish-red deliquescent mass, soluble in water, with a fine 
red colour. It is decomposed by heat into chlorine and metallic 
rhodium. 

Rhodium arul Potassium Chlorides, — The salt, RhgCI^.GKCl.GHgO, 
formed by mixing a solution of rhodic oxide in hydrochloric acid 
with a strong solution of potassium chloride, crystallises in spar- 
ingly soluble efflorescent jmsms. Another double salt, containing 
Rh.2Clg.4KCL2H20, is prepared by heating in a stream of chlorine 
a mixture of equal parts of finely powdered metallic rhodium and 
potassium chloride. The salt has a fine red colour, is soluble in 
water, and crystallises in four-sided prisms. Ehoditim and sodium 
chloride j Rh2Cl3.6NaCl.24H20, is also a very beautiful red salt, 
prepared like the last. The ammonium salt^ Rh2Cl3.6NH4CI.3H2O, 
obtained by decomposing the sodium salt with sal-ammoniac, 
crystallises in fine rhombohedral prisma. 

Rhodium Oxides. — Rhodium forms four oxides, containing 
I RhO, RhgOg, RhO«, and RhOg. 

The monoxide^ RhO, is formed, with incandescence, when the 
hydrated sesquioxide, RhgOg.SHgO, is heated in a platinum 
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crucible. It is a dark grey substance, perfectly indifferent to 
acids. 

The sesquioxide or Blwdic oxidcy RhgOg, obtained by heating the 
nitrate, is a grey porous mass, with metallic iridescence ; insoluble 
in acids, easily reduced by hydrogen. It forms two hydrates; 
RhgO^.SH^O or RhH303, obtained by precipitating a solution of 
rhodium and sodium chloride with pot^h in presence of alcohol, 
and Rh203.5H20 or RhH30a.H20, formed by precipitating the 
same salt with aqueous potash. 

The dioxide, RhOg, obtained by fusing pulverised rhodium or 
the sesc(uioxide with nitre and potash, and digesting the fused 
mass with nitric acid, to dissolve out the potash, is a dark brown 
substance, insoluble in acids. When chlorine is pawssed into a 
solution of rhodic pentahydrate, RkgO^-SHgO, a black-brown gela- 
tinous precipitate of the trihydrate, Rh203.3H^O, is formed at 
first ; but this compound gradually loses its gelatinous consistence, 
becomes lighter in colour, and is finally converted into a green 
hydrate of the dioxide, Rh02.2H20. The alkaline solution at the 
same time acquires a deep violet-blue colour. 

Trioxide, Rh03. — The blue alkaline solution above mentioned, 
deposits^, after a while, a blue powder, becoming green when dry, 
and yielding, when treated “with nitric acid, a blue flocculent 
substance, consisting of the trioxide, easily reduced to the di- 
oxide. 

Rhodic Sulphate, Rho(S04)3.12H20, formed by oxidising the 
sulphide with nitric acid," is a yellow ish-white crystalline mass. 
Potmsio-rhodic sulphate, RhKo(S04)3, ^ reddish-yellow ciystalline 

powder, formed by adding sulphuric acid to a solution of rhodium 
and po^ssium cliloride. 

Ammoxiacal Rhodium Compounds. — An ammonio-chloride, 
10NHo.Rh2Clo, or [N3H^4Rh'"2(NH4)4]^‘Cle, is obtained as a yellow 
crystalline powder on mixing a dilute solution of rhodium and am- 
monium chloride with excess of ammonia, and leaving the filtered 
solution to evaporate. The corresponding oxide, 10NH3.Rh2O3, 
obtained by heating the chloride with silver oxide, is a strong 
base, from which the sulphate and oxalate may be obtained in 
crystalline form. 


Rhodic salts are, for the most part, rose-coloured, and exhibit, 
in solution, the following reactions : with hydrogen sulphide, and 
ammonium sulphide, a brown precipitate of rhodic su^hide, in- 
soluble in excess of ammonium sulphide ; with soluble sulphites, 
a pale yellow precipitate, affording a characteristic reaction ; with 
potash, a yellow precipitate of rhodic oxide, soluble in excess; 
with ammonia, and with alkaline carbemates, a yellow. precipitate ^ 
after a while. No* precipitate with alkaline chlorides or mercuric 
cyanide. Zinc precipitates metallic rhodium. 
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An alloy of steel with a small quantity of rhodium is said to 
possess extremely valuable properties. 


ibibixjm;. 

Atomic weight, 198 ; symbol, Ir. 

When crude platinum is dissolved in nitromuriatic acid, a small 
quantity of a grey scaly metallic substance usually remains behind, 
having altogether resisted the action of the acid : this is a native 
alloy of irimiun and osmium, called osmiridium or iridosmi'ite; it 
is rednce<l to powder, mixed with an equal weight of dry sodimn 
chloride, and heated to redness in a glass tube, through which a 
stream of moist chlorine gas is transmitted. The further extremity 
of the tube is connected with a receiver containing solution of 
ammonia. The gas, under these circumstances, is rapidly absorl)ed, 
iridium chloride and osmium chloride being produced: the former 
remains in combination with the sodium chloride; the latter, 
l)eing a volatile substance, is carried forward into the receiver, 
where it is decomposed by the water into osmic and hydrochloric 
acids, which combine with the alkali. The dontents of the tube 
when cold are treated with water, by w^hich the iridimn and 
sodium chloride is dissolved out : this is mixed with an excess of 
sodium carbonate and evaporated to dryness. The residue is 
ignited in a crucible, boiled with water, and dried ; it then consists 
of a mixture of fenic oxide and a combination of iridium oxide 
with soda : it is reduced by hydrogen at a high temperature, and 
treated successively with w^ater and strong hydrochloric acid, by 
which the alkali and the iron are removed, while metallic iridium 
is left in a finely divided state. By strong pressure and exposure 
to a white heat, a certain degree of compactness may be communi- 
cated to the metal.* 

Iridium is a white brittle metal, fusible with great difficulty 
before the oxy-hydrogen blow-pipe. Deville and Debray, by 
means of their powerful oxy-hyclrogen blast furnace, have fused it 
completely into a pure white mass, resembling polished steel, 
brittle in the cold, somew^Lat malleable at a red heat, and having 
a density equal to that of platinum, viz., 21 T5. By moistening 
the pulverulent metal with a small quantity of w’-ater, j>ressing it 
tightly, first between filtering paper, then very forcibly in a press, 

* Osmiridium, however, generally contains platinum, ruthenium, and 
other metals of the same group, which are not effectually separated by the 
method above described. The complete separation of the several metals 
of the platinum group has of late years formed the subject of several 
» elaborate investigations, into which the limits of this work will not permit 
us to enter. (See Watts's Dictionary of Chemistry, iii. 35: iv. 241, 680; 
V. 101, 124.) ^ 

2 E 
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and calcining it at a white heat in a forge-fire, it may be obtained 
in the form of a compact, very hard mass, capable of taking a good 
polish, but still very porous, and of a density not exceeding 16*0. 
After strong ignition it is insoluble in all acids, but when reduced 
by hydrogen at low temperatures, it oxidises slowly at a red heat, 
and dissolves in nitro-muriatic acid. It is usually rendered soluble 
by fusing it with nitre and caustic potash, or l)y mixing it with 
common sjilt, or better, with a mixture of the chlorides of potas- 
sium and sodium, and igniting it in a currejit of chlorine, as above 
described. 

Iridium forms three series of compounds, namely, the hypoiri- 
dioms compounds, in which it is Divalent, as Ir^Clg, IrO ; the 
iridious compounds, in which it is quadrivalent, but appai'ently 

IrClg 

trivaleiit, Ir^Cl^ = | , and the iridic compounds, in which 

I '^Is 

it is also quadrivalent, as in IrCl^, IrOg, &c. It appears to be 
Incapable of uniting with more than four atoms of a monad element, 
and is therefore regarded as a tetrad.* It forms also a trioxide, 
IrOa, in which it is apparently sexvalent, but this oxide may be 

/O 

represented by the formula 0 =lr\^ , in which the metal aj>i)ears 


also to be quadrivalent. 

Chlorides. — Iridium appears to form three chlorides, but only 
two of them — namely, the trichloride and tetrachloride — have 
been obtained in definite foim. 

The dicldoride^ Ir^Clg, is not known in the sei)arate state, but 
appears to exist in certain double salts, called hypochloriri- 
elites. 

The trichloride or Iridious chloride^ I^gClg, is prepared by strongly 
heating iridium with nitre, adding water and enough nitric acid to 
saturate the alkali, warming the mixture, and then dissolving the 
precipitated hydrate of the sesquioxide in hydrochloric acid; it 
forms a dark yellowish-brown solution. This substance combines 
with other metallic chlorides, forming compounds called iridoso- 
chlorides or chloririditeSy which may be prepared by reducing the 
corresponding chloriridiates with sulphurous acid, hydrogen sul- 
phide, or potassium ferrocyanide. Claus has obtained the com- 
pounds iTgClg . 6 NH 4 CI . BHgO, IrgClg . 6KC1 . BHgO, and Ir^Cl^ . 
6NaCl. 24 H 2 O. They are olive-green pulverulent salts, soluble in 
water. 

The tetrachloride, or Iridic chloride, IrCT^, is obtained in solution 
by dissolving very finely divided iridium, or one of its oxides, or 


* A hexchloride, IrGb, was said by Berzelius to be obtained in combina- 
tion with potassium chloride by fusing iridosmine with nitre ; but accord- 
ing to Claus, the salt thus formed was really a ruthenium compound, 
having been prepared by Berzelius from iridosmine containing ruthenium. 
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the trichloride, in nitromuriatic acid, and heating the liquid to 
the boiling-point. On evaporating the solution, it remains in the 
form of a black, deliquescent, an /rphous mass, translucent with 
dark-red colour at the edges ; soluble, with reddish-yellow colour, 
in water. It unites with alkaline chlorides, forming compounds 
called iridiochlorides or chloriridiates, analogous in composition to 
the chloroplatiiiates. The ammonium salty IrCl4.2NH4Cl.H2O, 
and the potassium salty IrCl4.2KCl, are formed, as dark-brown 
crystalline precipitates, on mixing the solutions of the component 
chlorides. The potassium* salt may also be prepared by passing 
chlorine over a gently ignited and finely divided mixture of iridium 
with potassium chloride. It is soluble in boiling water, and crys- 
tallises in black octoliedrons, yielding a red powder. The sodium 
salty IrCl4.2NaCL()H20, prepared like the potassium salt, forms 
easily soluble black tables and prisms, isomorphous with the 
corresponding platinum salt. 

Iodides. — Iridium forms three iodides, Irig, Ir2l6, and IrL, 
analogous to the chlorides, and yielding similar double salts with 
the iodides of the alkali-metals.* 

Oxides. — Iridium forms four oxides, IrO, Ir^^O.^, IrOo, and IrCX. 
The monoxidey or hypoiridious oxiihy IrO, is but little Known. Jt 
is obtained by precipitating an alkaline hypochloriridite wdth 
caustic alkali in an atmosj)here of carbon dioxide; but on exposure 
to the air, it is (piickly converted into a higher oxide. 

The sesquioxuhy or Iridious oxidcy Iro 03 , w-^as formerly regarded 
as the most easily formed and most stable of the oxides of iridium ; 
but, according to Claus, it has a great tendency to take up oxygen 
and pass to the state of dioxide. It may be prepared by gently 
igniting a mixture of potassium chloriridite (Ir2ClQ.6KCl) with 
sodium carbonate in an atmosphere of carbon dioxide ; on treating 
the product with water, the sesquioxide remains in the form of a 
black powder insoluble in acids. It forms two hydrates, Ir203.3H20, 
and Ir203.5H20. It unites with bases, forming salts which may be 
called iridites, A solution of a chloriridite in excess of lime-water 
deposits, after standing for some time out of contact of air, a dirty 
yellow preci])itate containing 3Ca0.Ir203. 

The dioxidcy or Iridic oxidCy IrO.>, is, according to Claus, the most 
easily prepared and most stable of all the oxides of iridium, and is 
always deposited in the form of a bulky, indigo-coloured hydrate, 
IrOo.2H20, when a solution of either of the chlorides of iridium 
or tneir double salts is boiled with an alkali ; but it always retains 
3 or 4 per cent, of the alkali. The hydrate may also be obtained 
by dissolving the hydrated sesquioxide in potash and treating the 
solution with, an acid. It dissolves in acids, forming solutions 
which are dark-brown when concentrated, reddish-yellow when 
dilute. 

* Offler, Ueher die lodverhindungen dcs Iridiuim, Gottingen, 1857. 
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The triooGide^’or P^^idic oxide^ IrO^, is not known in the f^e 
state, but is formed in combination with potash, when indium is 
fused for some time with nitre. The resulting blackish-given mass 
dissolves in water, forming a deep indigo-colomvd solution of liasic 
potassium periridiate, leaving a black crystalline powder, consisting 
of acid periridiate.* 

Iridium, like the other platinum metals, shows but little ten- 
dency to form oxygen suilts. The oxides dissolve in acids, Init no 
definite salts are obtained in this wa\\ The solution of iridic oxide 
in sulphuric acid has a dark-hrowii colour^ which is not nuxii/ied 
b> potash in the same manner as that of the dichloride, neither 
does it yield any blue pivcipitate on boiling. 

The only definite oxygen-salts of iridium that have Ikvu obtained 
aiv double salts, containing sulphurous and dilhionic acids. 

Hijpo-iridoso-'potasidc Sulphite^ Ir"803.3K2S03, is obtained as a 
'wliite crystalline jx)W(ler, when the motKer-liquor obtained in 
preparing potassium chloriridite by passing sulphurous oxide 
through a solution of the chloriridate, is evariorated to a small 
bulk. 

Sulphides. — Three sulphides of iridium are known, analogous 
to the first three oxides above described. The sesqiiisulphide and 
disulphide are obtained as brown-black precipitates by treating 
the solutions of the trichloride and tetrachloride* respectively with 
hydrogen sulphide. The uwnosulphide is a grepsh-bjack substance 
obtained by aecomposing either of the higher sulpliides in a close 
vessel. 

Ammoniacal Compounds of Iridium. — The ammoriw-chlorides^ 
N2HJri'Cl2 and N4Hi2^^l2’ [^^2ll4^^’^X^H4)2]Cl2, together with 

the corresponding sulphates, are prepared like the platiiius com- 
pounds of analogous composition, which they also resemble in 
their properties. The nitratochlorvle^ [N2H4li’"(NH4)2XN03)Cl, 
analogous to Gros’s platinum nitrate, is formed by heating the 
chloride, N2HgIrCl2, with strong nitric acid. Tetrammonio-iridic 
chloride, ^N4Hi2lri^)Cl4, is obtained as a violet precipitate by treat- 
ing the nitrate just mentioned with hydrochloric acubt 

The compound, 10NH3.Ir2Cl6, or (;N3H7lr'"(NH4)27"2Clg, to 
Which there is no analogue in the platinum series, is obtaine<i as 
a flesh-coloured crystalline powder uy prolonged digestion of am- 
monium chloriridite with warm acmeous ammonia. The corres- 
ponding carbonate, nitrate, and sulj)hate have also been prepared. J 

Iridic solutions (containing the dioxide or tetrachloride) are of 
a dark brown-red colour ; iridious solutions (containing the sesqui- 
oxide or trichloride) have an olive green-colour. The characters of 

• • Claus, Ann. Ch. Pharm. lix. 249. 

+ Skoblikoff, Ann. Ch. Pharm. Ixxxiv. 275. 

rj; Claus, Beitrdge zur Chemie der Platinnietalle. Dorpat, 1854. 
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an iridic solution are best observed with sodium chloriridiate, all 
the other iridic comjjounds being but slightly soluble. ^ 

Iridic solutions give with amrjfionium or potassium chloride a 
crystalline precipitate of ammonium or potassium chloriridiate, 
which is distinguished from the corresponding platinum precipitate 
by its dark brown-red colour, and further oy its reduction to 
soluble chloriridite when treiited with solution of hydrogen sul- 
phide. This reaction selves for the separation of iridium from 
platiuuin. 


KUTHENIUM. 

Atomic weight. 104*4; symbol, Ru. 

This metal, discovered by Claus, in 1846, occurs in platinum ore, 
and chiedy in osmiridium, of which there are two varieties — one 
scaly, consisting almost wholly of osmium, iridium, and ruthenium, 
while the other, which is granular, contains but mere traces of 
osmium and ruthenium, but is very rich in iridium and rhodium. 
To obtain ruthenium, scaly osmiriiliiuu is heated to bright redness 
in a j>orcelain tube, through which a current of air (freed from 
carbonic acid by passing through potash, and from organic matter 
by passing through oil of vitriol), is drawn by means of an aspira- 
tor. The osmium and ruthenium are thereby oxidised, the former 
being carried forw ard as tetroxide and condensed in caustic potash 
solution, while the rutheiiinm oxide remains behind, together with 
iridium ; and by fusing this residue with potassium hydrate, 
treating the mass wdth water, and leaving the liquid in a corked 
bottle for about tw'o hours to clarify, an orange-coloured solution 
of potassium nitheniate is obtained, w’hicli, when neutralised wdth 
nitric acid, dei)osits velvet-black ruthenium sestjuioxide, and this, 
wlien w ashed, dried, and ignitetl in hydrogen, yields the metal. 

Ruthenium thus prepared, forms porous lumps very much like 
iridium, and is moclerately easy to jmlverise. It is the most re- 
fractory of all metals except osmium. Deville and Debray have, 
how ever, fused it by placing it in the hottest part of the oxy- 
hydrogen flame. After fusion it has a density of 11'4 ; that of the 
l)oroiis metal is 8 ' 6 . ' 

Ruthenium is scarcely attacked bv nitroinuriatic acid. It is, 
however, more easily oxidised than platinum, or even than silver. 
When pure it is easily oxidised by fusion with potassium^ydrate, 
still more easily on addition of a small quantity of nitrate or 
chlorate, producing potjissium rutheiiiate, which dissolves in water 
with orange-yellow colour. 

Chlorides. — Ruthenium is a tetrad, like the other platinum 
metals, and forms three chlorides, RuCl^, RugCl^, and RUCI 4 . 

The dichloride^ RuClg, is produced, together wdth the trichloride, 
by igniting pulverised ruthenium in a stream of chlorine, the tri- 
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chloride tlien volatilising, while the dichloride remains in the form 
d)f a black crystalline jyowdcr^ insoluble in waiter and in all acids, 
even nitro-imiriatic acid^ and only partially decomT)osed by alkalis. 
A soluble dichloride is fonnetl by jmssing 8ul[>hydric acid" gas into 
a solution of the trichloride, a 'brown sulphide ])eing then i>re. 
cipitated, and the solution acquiring a fine blue colour. 

The trichloride or lintheniom chloride^ RujjCIq, pivpared by pre- 
cipitating a solution of potassic rutlieniate with an acid, dissolving 
the precipitated black oxide in hydrochloric acid, and evaporating, 
is a yellow-brown, crystalline, very delicpiescent mass, becoming 
dark-green and blue at certain points when strongly heate<l. It 
dissolves easily in water and in alcohol, leaving a small quantity 
of a yellow insoluble salt- 

Tlie concentrated solution of ruthenious chlorivle, niixv.d with 
concentrated vsolutious of the chlorides of potassium and ammo- 
nium, yields the double salts, Ru^Clg.dKCI and RuoClg.4NIl4Cl, 
in the foim of crystalline precipitates, with violet iridescence, very 
slightly solulde in water, insoluble in alcohol. 

The tetrachloride or Ituthenic chloride^ RUCI4, is knowm only in 
its double salts. The potassium salt^ RUCI4.2KOI, is prepared by 
mixing a solution of rutlienic hydrate in hydrochloric acid with 
potassimn chloride, and evaporating to the crystallising point. It 
IS brown, with rose-coloured iridescence, very soluble in water, 
but insoluble in alcohol. The nmmcmiiim salt, R11CI4.2NH4CI, is 
prepared like the potassium salt, which it resembles closely. 

Oxides. — Ruthenium forms five oxides, viz., RuO, Ril^O^, RuOg, 
RuOa, and RUO4, the fourth, however, being known only in com- 
bination. 

The monoxide, RuO, obtained by calcining the dichloride witli 
sodium carbonate in a current of carbon dioxide, and washing llie 
residue with water, has a dark-grey colour and metallic lustre ; is 
not acted upon by acids ; but is reduced by hydrogen at ordinary 
temperatures. — The sesquioxide, or Ruthenious oxide, RU2O3, is a 
bluish-black pow<ler, formed by heating the metal in the air. 
The corresponding hydrate, RU2O3.3H2O, or RuHgOg, is obtained 
by precipitating riithiiiiious chloride with an alkaline carbonate, 
as af blackish-brown substance which dissolves with yellow colour 
in acids. — The dioxide, or Rutlienic oxide, RuOo, is a black-blue 
powder, obtained by roasting the disulphide. Rutlienic Hydrate, 
RUO2.2H2O or Ru*Tl404, is obtained as a gelatinous precipitate 
by decomposing potassium chlororutheniate with sodium carbon- 
ate. — The trioxide, RuOg, commonly called rutlienic acid, is known 
only as a potassium salt, which is obtained by igniting ruthenium 
with caustic potash and nitre : it forms an orange-yellow solution. 
— The tetroxide, RUO4, is a volatile compound, analogous to osmic 
tetroxide, ohLained by heating ruthenium with potash and nitre, 
in a silver crucible, dissolving the fused mass in water, and passing 
chlorine tliroiigh the solution in a tubulated retort, connected by 
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a condensing tube with a receiver containing potash. The tetrox- 
ide then passes over and condenses ' i the neck of the retort and 
in the tube, as a golden-yellow crystalline crust, which melts 
between 50® and 00®. It is heavier than oil of vitriol, dissolves 
slightly in water, readily in hydrochloric acid, forming a solution 
easily decomposed by alcohol, sulphurous acid, and other reducing 
agents. 

Sulphides. — Hydrogen suljihide, passed into a solution of 
either of the chlorides of ruthenium, usually forms a precipitate 
consisting of ruthenium sulpMde and oxysulphide mixed with 
free sulphur. The blue solution of the dichloride yields a dark- 
broi-.'ii sesquisulphide, 1111283. When hydrogen sul])hide is passed 
for a long time into a solution of tlie trichloride, ruthenium disul- 
phide, RinSj, is formed, as a brown-yellow precipiUite, becoming 
dark-brown by calcinalion, 

Ammoniacal Ruthenium Compounds. — Tcframmonio-hyporuthe- 
nious Chloride, 4NH3.RUC43H2O or [N2HJlu"(NH4)2]C1.^3H20, 
is formed by boiling the solution of ammonium chlororutneniate 
(RuCh.2NH^Cl) with ammonia. It forms golden-yellow oblique 
rhombic crystals, very soluble in water, insoluble in alcohol. 
Treated with silver oxide, it yields the corresponding oxide, 
4NH3.RUO, which, lurtvever, is decomposed by evaj)oration of its 
solution, giving uff half its ammonia, and leaving the compound 
2Nn3.RuO, or (NgHgRu'OO. The cjirbonate, nitrate, and sulphate, 
obtained by treating this last-mentioned oxide with the corres- 
■])onding silver salts, form yellow^ crystals. 


The compounds of ruthenium m.ay readily be distinguished from 
those of the other platinum-metals, by fusing a few milligrams 
of the sul>stance in a platinum spoon, with a large excess of nitre, 
leaving it to cool when it cesises to froth, and dissolving the cooled 
mass in a little distilled water. An orange-yellow solution of 
potassium rutheniate is thus formed, which on addition of a dro]) 
or two of nitric aciil, yields a bulky, black lueciintate ; and on 
adding hydrochloric acid to the liquid, with the precipitate still 
in it, and heating it in a porcelain crucible, the o.xide dissolves, 
loiming a solution which has a tine orange-yellow when concen- 
trated, and when treated with hydrogen stdphide, till it becomes 
nearly black, yields a filtrate of a splendid sky-blue colour. 
Chamcteristic reactions are also obtained with potiumum mlpho- 
cyanate, which colours the liquid deep red, changing to violet on 
heating, and with lead acetate, which forms a purple-red precipitate. 
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OSMIUM. 

Atomic weight, 199*2; S3rinbol, Os. 

The separation of this metal from iriciiiim, ruthenium, and the 
other metals with which it is associated in native osmiridiuin, and 
in platinum residues, depends chiefly on its ready oxidation with 
nitric or nitromuriatic acid, or by ignition in air or oxygen, and 
the volatility of the oxide thus produced. 

To prepare metallic osmium, the solution obtained by con- 
densing the vapour of osmium tetroxide in potash (p. 437) is 
mixed with excess of hydrochloric acid, and digested with mercury 
in a well-closed bottle at 40®. The osmium is then reduced by 
the merciuy, and an amalgam is formed, which, when distilled in 
a stream of hydrogen till all the mercury and calomel are expelled, 
leaves metallic osmium in the form of a black powder (Berzelius). 
The metal may also be obtained by igniting ammonium chloro- 
osmite with sal-ammoniac. 

The properties of osmium vary according to its mode of prepara- 
tion. In the pulverulent state it is black, destitute of metallic 
lustre, which, ho'wever, it acquires by burnishing ; in tlie compact 
state, as obtained by Berzeliuses method above described, it ex- 
hibits metallic lustre, and has a density of 10. Deville and Debray, 
by igniting precipitated osmium sulphide in a crucible of gas- 
coke, at the melting heat of nickel, obtained it in bluish-black, 
easily divisible lumps. When heated to the melting-point of 
rhodium, it becomes more compact, and acquires a density of 21 *3 to 
21*4. At a still higher temperature, capable of melting ruthenium 
and iridium, and volatilising platinum, osmium likewise vola- 
tilises, but still does not melt ; in fdct, it is the most refractory of 
all metals. 

Osmium in the finely divided state is highly combustible, con- 
tinuing to bum when set on fire, till it is all volatihsed as 
tetroxide. In this state also it is easily oxidised by nitric or nitro- 
muriatic acid, being converted into tetroxide. But after exposure 
to a red heat, it becomes less combustible, and is not oxidised by 
nitric or nitromuriatic acid. Osmium which has been heated to 
the melting-point of rhodium, does not give off any vapour of 
tetroxide when heated in the air to the melting-point of zinc, but 
takes fire at higher temperatures. 

Osmium Chlorides. — Osmium forms three chlorides, analogous 
to those of iridium and ruthenium. When it is heated in dry 
chlorine gas, there is formed, first a blue-black sublimate of the 
dichloride, then a red sublimate of the tetrachloride. The 
dicMoridej or hypo-osmious chloride^ dissolves in water with dark 
violet-blue colour. It is likewise formed by the action of reducing 
agents on either of the higher chlorides, into which, on the other 
hand, it is easily converted by oxidation. The addition of potas- 



OSMIUM, 


441 


sium chloride renders it more stable, by forming a double salt. 
The trichloride^ OS2CL, has not been isolated, but is contained in 
the solution obtained by treating the sesquioxide with hydrochloric 
acid. It forms double salts with alkaline chlorides. The potas- 
sium saltj OsgClg.GKCLOHgO, is prod iced, together with potassium 
chlorosmate, when a mixture of pulverised osmium and potassium 
chloride is ignited in chlorine gas; it forms dark red-brown 
crystals. 

The tetrachloride^ or Osmic chloride, OSCI4, is the red compound 
which constitutes the principal part of the product obtained by 
igniting osmium in chlorine gas. It diwssolves with yellow colour 
in water and alcohol, and is decomposed quickly in dilute solu- 
tion, more slowly in presence of hydrochloric acid or metallic 
chlorides, yielding a black precipitate of osmic oxide, and a solu- 
tion of osmium tetroxide in hydrochloric acid. 

Osmic chloride unites w^ith the chlorides of the alkali -metals, 
forming salts sometimes calleil osm ioc hi o rides, or chloros- 
mates. From the solutions of these salts, hydrogen sulphide and 
ammonium sulphide slowdy precipitate a yellow- brow^n sulphide, 
insoluble in alkaline sulphides; silver nitrate foims au olive- 
green; stannous chloride, a brown precipitate. Tannic acid, on 
heating, produces a blue colour, bxit no precipitate ; potassium 
ferrocyantde, first a green, then a blue colour; potassium iodide, 
a deep purjde-red colour. Potash gives a black, ammonia a brown 
precipitate, slowly in the cold, immediately on boiling. Metallic 
zinc and sodium formate throw dowm metallic osmium. 

Sodium osmiochloride, OsCl4.2NaCl, prepared by heating a mix- 
ture of osmium sidphide and sodium chloride in a curi*ent of 
chlorine, crystallises in orange-coloured rhombic prisms, an inch 
long, easily soluble in w'ater, and in alcohol. The potassium and 
ammonium salts, of analogous composition, are obtained as red- 
brown crystalline precii)itates on adding sal-anmioniac or potassivuu 
chloride to the solution of the sodium salt. 

Oxides.— Osmium forms five oxides analogous to those of ruthe- 
nium. The monoxide or hypo-osmious oxide, OsO, is obtained by 
igniting hypo-osmious sulphite in a stream of carbonic acid gas ; 
also as blue-black hydrate, by heating the same salt with strong 
potash solution in a closed vessel. Hypo-osmious sulphite, 
0s"S03, or OsO.SOg, is a black-blue salt, produced by mixing the 
aqueous solution of osmium tetroxide with sulphurous acid. — The 
sesquioxide or osmious oxide, OSoOg, is obtained by heating either 
of the double salts of the trichloride with sodium carbonate in a 
stream of carbonic acid gas. It is a black pow’-der, insoluble in 
acids. The hydrate, obtained by precipitation, has a diriy brown- 
red colour, is soluble in acids, but does not yield pure salts. 

The dioxide, or Osmic oxide, OsOg, is obtainea as a black in- 
soluble powder, by heating potassium osmiochloride with sodium 
carbonate in a stream of carbonic acid gas, or in copjier-red 
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metallic-shining lumps, by heating the corresjjonding hydrate. 
OsmU hydrate^ OsOj|. 2 HjO, is obtained by precipitating a solution 
of potassium osmiochloiide with potash, at the boiling lieat, or in 
greater puritjr by mixing a solution of potasaic osmite, KaO.0803, 
with dilute nitric acid. 

The trioxidey OSO3, is not known in the free state, but combines 
mth alkalis, fomiing ^ts called osmites, which are produced 
by the action of reducing agents on the tetroxide in presence of 
alkalis. The potassium seutj K2O.OsO3.2H2O, is a rose-coloured 
crystalline powder. 

The tetroxide, OsO^, commonly called osmic acid, is the volatile, 
strong-smelling compound, formed when osinium or either of its 
lower oxides is heated in the air, or treated with nitric or nitro- 
muriatic acid. It may be prepared by heating osmium in a 
current of oxygen gas, and condenses in the cool part of the ajy- 
paratus in colourless, transparent crystals. It melts below 1(K>^, 
and boils at a tem]>erature a little above its melting jx)int. Its 
vapour has an intolerably pungent odour, attacks the eyes 
s/ronp’/r and painfully, and is e.vcessiv'ely jM^isonous. Osmium 
tetroxide is dissolved slowly, but in considerable quantity by 
water, forming an avid solution. It is a fK>werful oxidisingagent, 
decolorising jniIigo-s 4 )lutiori, sefwiraHng io^line from potassium 
iotlide, converting alcohol into aldehyde and acetic ackl, &c. It 
dissolves in alkalis, forming yellow -red solutions, which 
inodorous when cold, but when heated, give off the tetroxide an<l 
free oxygen, leaving a residue of alkaline osmite. 

SuiiPRiDES. — Osiuiuiii burns in sul]>bur-vapour. Vive sulphides 
of osmivim are said to exist, analogous to the oxides, the fii'st four 
being produce<l by decomposing the^orrespo tiding chlorides with 
hydrogen sulphide, and the tetrasulphide by ]»assing that oas 
into a solution of the tetroxide. The last is a siilpliur-acid, 
jierfectly soluble in water, whereas the others are sulpnur-bases, 
slightly soluble in water, and forming deep yellow solutions. 

Ammoniacal Osmium Compounds. — A cold solution of potas- 
sium osmite, mixed w ith sal-ammoniac, yields a yellow crystalline 
precipitate, consisting, according to Claus, of hydrated osmam- 
moniitm chloride, (NoHgOs"^Cl^. An aqueous solution of the 
tetroxide treated with ammonia, yields a bromn-black powder, 
consisting of NgHgOsOg, or [NgH^fOsOy'JO.HgO, 

OsMiAMic Acid, H2OS2N2O5. — The potassium-salt of thisbibasic 
acid, KgO^NgOg, is produced by the action of ammonia on a hot 
solution of osmium tetroxide in excess of pobish : 

6O8O4 + 8NH3 -f 6KHO == 3K2OS2N2O3 + I5H2O + Ng. 

It separates as a yellow crystalline powder, and its solution, 
treated with silver nitrate, yields a precipitate of silver osmiamate, 
from which the aqueous acid may be prepared l)y 
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decompoaition with hydrochloiie acid. It is a strong acid, decom- 
posing, not onlpr the carbonates, but also the chlorides, of potas- 
sium and sodium. The osmiamates of the alkali-metals and 
alkaline earth-metals are soluble in water ; the lead, mercuryj 
and silver salts are insoluble. 

All osmium compounds, when heated wiili excess of nitric acid, 
mve off the unpleasant odour of osmium tetroxide. By ignition in 
hydrogen gas, they are reduced to metallic osmium, which, as well 
as the lower oxides, emits the same odour when heated in contact 
with the air. The reactions of osmium salts in solution have 
already been describetl. 


GROUP II. 

Atomic weight, 118; symbol, Sn (Stannum). 

This valuable metal occurs in the state of oxide, and more rarely 
as suljdiule : the prinei]>al tin mines are those of Saxony and 
Bohemia, Afalarca, and more esjieciully Cornwall. In Cornwall 
the 1 in-stone is found as a constilueiit of metal-hearingf veins, 
associ*ated with cojiiku* ore, in {granite and slate-rocks; and as an 
alluvial deposit, mixed with rounded pebbles, in the beds of several 
small rivers. The first variety is called mine- and the second 
stream-tin. Tin oxide is also found disseminated through the 
ro(tk itself in small crystals. ^ 

To prepare llie ore for reduction, it is stamped to powder, washed, 
to sejiarate as mucli as possible of the earthy matter, and roasted, 
to exnel suljiliiir and arsenic : it is then strongly heated with coal, 
and tiie metal thus obtained is cast into lai*ge blocks. Two varie- 
ties of commercial tin are known, called grain- and bar-tin; the 
first is the best ; it is prcjtared from the stream ore. 

Pure tin lias a while colour, approaching that of silver: it is 
soft and malleable, and when bent or twisted emits a peculiar 
crackling sound ; it has a density of 7*3 and melts at 237°. Tin 
is but little acted upon by air and water, even conjointly ; when 
heated above its melting point, it oxidises rapidly, becoming con- 
verted into a whitish powder, used in the arts for polishing, under 
the name of putty-powder. The metal is attacked and dissolved 
bjr hydrochloric acid, with evolution of hydrogen ; nitric acid acts 
with great energy, converting it into a white hydrate of the 
dioxide. 

Tin is a tetrad metal, and forms two well-defined classes of 
compounds, namely, the stannous compounds, in which it is 
bivalent, as Sn^Ch, Sn'Tg, Sn"0, &c., and the stannic com- 
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! >ounds, in wliich it is quadrivalent, as Sn*’Cl 4 , &c.; dso a 

ew compounds called stannoso-stannic compounds, of inter- 
piediate composition, c-gr., Sn 2 ClQ, SnjOa, &c. 

Chlorides. — Th^ dichloridej or Stannous chlotidej^nQl^ 
is obtained in the anhydrous state by distilling a mixture of 
calomel and powdered tin, prepared by agitating the melteil metal 
in a wooden box until it solidifies. It is a grey, resinous-looking 
substance, fusible ]>elow redness, and volatile at a high tern jxji-ature. 

The hydrated chloride^ commonly called tin-salty is easily pre- 
pared by dissolving metallic tin in hot hydrochloric acid. It 
crystallises in needles containing SnCl 2 - 2 H 20 , which are freely 
soluble in a small quantity of water, but are ant to be decomjiosed 
in part when put into a large mass, unless hydrochloric ach. in 
excess be present. Solution of stannous chloride is employed as 
\ a deoxidising agent; it reduces the sidts of mercury and other 
' metals of the same class. It is also extensively employed as a 
monlant in dyeing and c^alico-printing ; sometimes also as an anti- 
. chlore. 

Stannous chloride unites with the chloriiles of the alkali-inetals« 
forming crystallisable double siilts, SnCl 2 . 2 KCl, 4 S:c,, called Stan- 
nosochlorides or iJhlorostannitfs, 

The tetrachloride, or Stannic chloridcy SnCl 4 , is an old and 
veiy curious compound, formerly Qd\\^\ J^ming liquor of Lihavius, 
It is made by exposing metallic tin to the aclion of cidorine, or, 
more conveniently, by distilling a mixture of 1 part of jxiwdertnl 
tin with 5 parts of corrosiv'c sublimate. It is a thin, colourless, 
mobile limiid, boiling at 120^, and yielding a colourless invisible 
vai>our. it fumes in the air, and when mixed >vith a third part 
of vrater, solidifies to a soft fusible mass, called butter of tin. The 
solution of stannic chloride is much employed by the dyer for the 
brighteniii" and fixing of red colours, and is sometimes designated 
by the old names, “ composition, physic, or tin solution it is 
commonly prepared by dissolving metallic tin in a mixture of 
hydrochloric and nitric acids, care being taken to avoid too great 
elevation of temperature. The solution when evaporated yields 
a deliquescent crystalline hydrate, SnCl4.5H20. 

Stannic chloride forms, with the chlorides of the alkali-metals 
and alkaline earth-metals, crystalline double salts, called Stanno- 
chlorides or ChlorostannateSy e.g,, SnCl4.2NH4Cl ; SnCl 4 .BaCl 2 , &c. 
It also forms crystalline compoimds with the pentachloride and 
oxychloride of phosphorus, viz., SnCl 4 .PCl^, and SnCl 4 .POCl 3 , and 
a solid compound with phosphine, contaimng 3SnCl4.2PH3. 

The trichloridey or Stannoso-stannic chhridey known only in solu- 
tion, is produced by dissolving the ses(|iuoxide in hydrochloric 
acid. The solution acts like a mixture of the dichloride and tetra- 
chloride. 

Fluorides. — Stannous Fluoridey SnFg, obtained by evaporating 
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the solution of stannous oxide in hydrofluoric acid, crystallises in 
small shining opaque prisms. Stcmnie Jltuyridey is not known 
in the fi ^e ^tate, but unites with other metallic fluorides, forming 
crystallijie compounds, called ^tannofluorides or Jluostannatesj iso- 
morphous with the corresponding silicofluorides, titanofluorides, 
and zircofluorides. The potassium salt contains SnF4.2KCLH20, 
the barium salt, SnF4.Bar2, &c. 

Oxides. — The monoxide^ or Stannous oxide^ SnO, is pro- 
duced by lieuting stannous oxalate out of contact with the air ; 
also by stannous hydrate. This hydrate^ 2S11O.H2O, or 

SiioH/y^, IS obtained as a white precipitate by decomposing stan- 
noils chloride with an alkaline carbonate, carbon dioxide gas being 
at the same time evolved. This hydrate, carefully washed, dried, 
and heated in an atmosphere of carbon dioxide, leaves anhydrous 
stannous oxide as a dense black powder, which is penuanent in 
the air, but when touched with a red-hot body, lakes fire and 
burns like tinder, jiroducing the dioxide. The hydrate is freely 
soluble in ciiiistic j>otash ; the solution decomjmses by keeping 
into metallic tin an<l dioxide. It dissolves also in sulphuric 
acid, tbnuing stannous sulphate^ Sn"S()4, wdiich crystallises in 
needles. 

The Sesquioxidcy Sn.^Og, is prcwluce^l by the action of hydrated 
ferric oxide ujion stannous chloride: it is a greyish, sliiny sub- 
stance, soluble in hy<lrochloric acid, and in ammonia. This oxide 
has been but little examined. 

The dioxide^ or Stannic oxide^ Sn02, occurs native as tin- 
stone or cassiterite, the common ore of tin, and is easily formed 
by heating tin, stannous oxide, or stannous hydrate in contact 
with the air. As thus prepared it is a white or yellowish amorphous 
powder ; but by passing the vapour of stannic chloride mixed with 
aqueous vapour through a reddiot porcelain tube, it may be ob- 
tained in crystals. It is not attacked by acids, even in the con- 
centrated state. 

Stannic oxide forms two hydrates, differing from one another in 
composition and properties ; both, however, being acids, and cj^able 
of forming salts by exchanging their hydrogen metals. These 
hydrates or acids are stannic acid, Sn(X.HoO, or HgSnOg, and 
metastannic acid, SiigOjo-SHoO, or the former being 

capable of exchanging the whole of its hydrogen for metal, and 
forming the stannates, containing M2Sn03; while the latter 
exchanges only one-fifth of its hydrogen, forming the met as tan- 
nates, HgMgSn^Ojg. 

Stan/nic acid is precipitated by acids from solutions of alkaline 
stannates, also from solution of stannic chloride, by calcium or 
barium carbonate not in excess ; alkaline carbonates throw down 
an acid stannate. When dried in the air at ordinary temperatures 
it has, according to Weber, the composition, Sn0o.2H20; in a 
vacuum half the water is given oflT, leaving Sn02.H20. 
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Sttmnic hydrate dissolves in the stron^r acids, forming the 
stannic salts; thus with sulphuric add it forms stannic svUphate, 
Sn‘^(S 04 )^ or Sn 0 . 2 S 03 . Hydrochloric add converts it into the 
tetrachloride. The stannic salts of oxygen-acids are very unstable* 
Stannates. — Stannic hydrate exhibits acid much more decidedly 
than basic properties. It forms easily soluble salts with the alkalis, 
and from these the insoluble stannates of the earth-metals and 
heavy metals may be obtained by precipitation. Sodium stannate^ 
Na 2 Sii 03 , which is much used in calico-printing as a ‘‘ preimring 
salt” or monlant, is produced on the large scale by fusing tinstone 
with hydrate, nitrate, cliloride, or sulphide of sfxlium ; ]>y l)oiling 
the tin ore with caustic soda-solution ; by fusing metallic tin with 
a mixture ofsixUum nitnite and carhonaie ; or heating it with soda 
solution mixed with so<iiiim nitrate and chloride.* 

is pn ,>f nitrio acid upon 

tin. When dried in the air at onlinary tempemtures it contains 
5te>tt042.\Oll^O, or but at KX)*^ it gives off 5 mole- 

cules of water, and is induced to It is a white crystal- 

line WfvvdeT insolulde in water ami in acids. It dissolves slowly 
iiLatkalis, fonning metastannates, but it is gradually deposite(l in 
its original state as the solution absorbs carbonic aciU from the air. 

The potassium salt, KjHgSiisOis or | (Sn02)5, may he pre- 

cipitated in the solid state by addin*' pieces of solid potash to a 
.solution of metastannic acid in c<j1<1 potash. It is gummy, un- 
crystallisable, and strongly alkaline. The sodium salt, NaaHgSnOifi, 
prepared in like maiuier, is crystallo-granular, and dissolves 
slowly, but completely, in water. The luetastannates exist only 
in the hydrated state, being decomposed when deprived of their 
basic water. 

Tra Sulphides. — The monosulphide, SnS, is prepared by fusing 
tin with excess ot sulphur, and strongly heating the product. It 
is a lead-grey, brittle substance, fusible at a red heat, and soluble, 
with evolution of sulphuretted hydrogen, in hot hydrochloric acid. 
A sesquisulphide may be formed by gently heating the above 
compound with a third of its Aveight of sulphur : it is yellowish- 
grey, and easily decomposed by heat. The bisulphide, SnSg, or 
Mosaic gold, is prepared by exposing to a low red heat, in a gla.S 3 
flask, a mixture of 12 parts of tin, 6 of mercury, 6 of sal-aininoniac, 
and 7 of flowers of sulphur. Sal-ammoniac, cinnabar, and stannous 
chloride sublime, while the bisulphide remains at the bottom of 
the vessel in the fonn of brilliant gold-coloured scales : it is used 
as a substitute for gold powder. The same compound is obtained 
as an amorphous light-yellow powder by passing hydrogen sulphide 
into a solution of stannic chloride. 

Richardson and Watts’s Chemical Technology, vol. i. pt. iv p. 35 
and pt. V. p. 342. 
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Stannous salts give with : 

Fixed caustic alkalis: white hydrate, soluble in excess. 
Ammonia: carbonates ^ ^ -i . ! 

of potassium, sodium. > hydrate, nearly insoluble in 

and ammonium . ) 

( black-brown nrecipi tale of monosul - 
Hydrogen sulphide .1 pbide, soluble in ammonium sul- 


Amm/mium sulphide 


phide containing excess of sulphur, 


and reprecipitated by 
yellow bisulphide. 


acius as 


Stan 0 ^ .mlts give w'itli : 

Fued caustic alkalis: white hydrate, soluble in excess. 
Ammonixi: white hydrate, slightly soluble in excess. 

Allculine carbonates: white hydrate, slightly soluble in excess. 
Am7)wnimn carbonate: w’hite hy<lrate, insoluble. 

Hydrogen sulphide : yellow precipitate of bisulphide. 
Ammoniuyn suljltide: the same, soluble in excess. 


Trichloride of gold, added to a dilute solution of stannous 
cliloride, gives rise to a brownish-purple precipitate, called purple 
of Cassius (p. 418). 


The useful applications of tin are very numerous. Tinned plate 
consists of iron su])ertioialIy alloyed with this metal ; peioter^ of the 
best kind, is chiefly tin, hardened by the admixture of a little 
antimony, &c. Cooking-vessels of copper are usually tinned in 
the interior. The use of tin solutions in dyeing and calico-printing 
has been already mentioned. 


TITANIUM. 

Atomic weight, 50 ; symbol, Ti. 

7hiis is one of tlie rarer metals, and is never found in the metallic 
state. The most important titanium minerals are rutile^ hrookite^ 
and anatascj which are different fonus of titanic oxide, and the 
several varieties of titaniferous iron, consisting of ferrous titanate, 
sometimes alone, but more generally mixed with ferric or ferroso- 
ferric oxide. Occasionally in tlie slag adhering to the bottom of 
blast-furnaces in which iron ore is reduced, small brilliant copper- 
coloured cubes, hard enough to scratch glass, and in the hignest 
degree infusible, are found. This substance, of which a single 
smelting furnace in the Hartz produced as much as 80 pounds, was 
formerly believed to be metallic titanium. Wohler, however, has 
shown it to be a combination of titanium cyanide with titanium 
nitride. When these crystals are powdered, mixed with potassium 
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liydiate, and fused, ammonia is evolved, and potassium titanate is 
formecL Metallic titanium in a finely divided state may be ob- 
tained by heating titaniiun and potassium floride with j>otassiuiu. 
This eknient is remarkable for its affinity for nitrogen ; when 
heated in the air, it simultaneously absorbs oxygen and nitro- 

Titanium is tetradic, like tin, and forms two classes of com- 
pounds: the titanic compounds, in which it is quadrivalent, e.ff., 
Ti‘’Cl 4 , Ti'^^Oo, and the titanous compounds, in which it is a^|>ar- 

ently tri valent but really also quadrivalent, e.gr., Ti 2 Clg, or | 

TiCla. 

Chlorides. — Titanoiis chloride^ TigClg, is produced by passing 
the vapour of titanic chloride niixe<l with hydrogen through a red- 
hot tube ; it forms dark violet scales having a strong lustre. Titamc 
chloride^ TiCl 4 , is prepared by passing chlorine over an ignited 
mixture of titanic oxide and charcoal. It is a colourless, volatile, 
fuming liquid, having a siiecific gravity of 1*7609 at 0°, vapour- 
density = 6*658, and boiling at 135^. It unites very violently 
with water, and forms definite compounds with ammonia, ammo- 
nium chloride, hydrogen cyanide, cyanogen chloride, j)hosi>hine, 
and sulphur tetrachloride. 

Fluorides. — Titanous fluoride^ Ti^F^, is obtained as a violet 
powder by igniting potassio-titanic fluoride in hydrogen gas, and 
treating tne resulting mass with hot water. Titanic fluoride^ TiF 4 , 

S asses over as a fuming colourless liquid, when titanic oxide is 
istilled with fluor-sj)ar and fuming sulphuric acid in a platinum 
apparatus. It imites with hydrofluoric acid and metallic fluorides, 
forming double salts called titan o -fluorides or fluotitanates, 
isomorphous with the silicofluorides, ziricofluorides, &c., e.gf., TiF-. 
2KF; TiF4.CaF2. 

Oxides. — The sesquioxide or Titanous oxidc^ TigOg, is obtained 
by igniting the dioxide in hydrogen, as a black powder, which, 
when heated in the air to a very high temperature, oxidises to 
titanic oxide. 

The dioxide or Titanic oxide^ occurs native in three different 
forms, viz., as rutile and anatase, which are dimetric, and brookite, 
which is trimetric ; of these, anatase is the purest, and rutile the 
most abundant. To obtain pure titanic oxide, rutile or titaniferous 
iron ore, reduced to fine powder, is fused with twice its weight of 
potassium carbonate, and the fused mass is dissolved in dilute 
hydrofluoric acid, whereupon titano-fluoride of potassium soon 
begins to separate. From the hot aqueous solution of this salt, 
ammonia throws down snow-white ammonium titanate, which is 
easily soluble in hydrochloric acid, and when ignited gives reddish- 
brown lumps of titanic oxide. This oxide is insoluble in water, 
and in all acids except* strong sulphuric acid. By fusing it with 
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six times its weight of acid potassium sulphate, a clear yellow mass 
is obtained, which dissolves perfectly in warm water. 

Titanic oxide appears to form two hydrates or acids, analogous 
to stannic and metastannic acids. Ine of these, called titanic 
acid, is precipitated by ammonia from a solution of titanic chloride, 
as a white powder which dissolves easily in sulphuric, nitric, and 
hydrochloric acids, even when these acids are rather dilute ; but 
these dilute solutions, when boiled, deposit metatitanic hy- 
drate, as a soft white powder, which, like the anhydrous oxide, is 
insoluble in all acids except strong sulphuric acid. 

The titanates have not been much studied ; most of them may 
be represented by the forniulso, M4Ti04 = ^M^O.TiOg, and M2Ti03 
= M 20 .Ti 02 (the symbol M denoting a univalent metal). The 
titanates of calcium and iron occur as natural minerals. The tita- 
nates of the alkali-metals am formed by fusing titanic oxide with 
alkaline hydrates, carbonates, or acid sulphates — some of them 
also in the wet way. When finely pulverised and levigated, they 
dissolve in moderately warm, concentrated hydrochloric acid ; hut 
the gi'eater part of the dissolved titanic acid is precipitated on boil- 
ing the solution with dilute tacids. The neutral titanates of the 
alkali-metals, M2Ti03, are insoluble in water but soluble in acid. 
The titanates of the earth-metals and heavy metals are insoluble, 
and may he obtained by precipitation. 

In a solution of titanic acid in hydrochloric acid, containing as 
little free acid as possible, tincture of galls produces an orange- 
coloured precipitate ; potassium ferrocyanide^ a dark brown preci- 
pitate. Titanic oxide fused with borax, or better, with microcosmic 
salt, in the inner blow-pipe flame, forms a glass which is yellow 
while hot, but becomes violet on cooling. The delicacy of the reac- 
tion is much increased by melting a little mehillic zinc in the head. 


GROUP III. 

^ 

IiEAD. 

Atomic weight, 207 ; Symbol, Pb (Plumbum). 

This abundant and useful metal is altogether obtained from the 
native sulphide, or galena, no other lead-ore being found in large 
quantity. The reduction is effected in a reverberatory furnace, 
into wliich the crushed lead-ore is introduced and roasted for some 
time at a dull red heat, by which much of the sulphide becomes 
changed by oxidation to sulphate. The contents of the furnace 
are then thoroughly mixed, and the temperature raised, when the 
sulphate and sulphide react upon each other, producing sulphurous 
oxide and metallic lead : 


PbS 04 + PhS = Pb 2 + 2SO2. 
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Lead is a soft bluish metal, possessing very little elasticity ; its 
specific gravity is 11 ’45. It may be easily rt>lle<l out into plates, 
or drawn out into coarse wires, but has yeiy little tenacity. It 
melts at 315*5°, or a little above, and boils and volatilizes at a 
white heat. By slow’^ cooling it may be obtaiiuHl in octohedral 
crystals. In moist air lliis metal becomes coated wiili a fibn ol 
grey matter, thought to he siihoxhle, and when exju^sed to the 
atmosphere in the melted state it rapidly nl^sorbs oxygen. Uilule 
nciils, with the exception of nitric acid, act but slowly upon lead. 

Lead is a tetrad, as shown by the constitution of j^liimbic ethide, 
PV’'(^C 2 H 5)4 ; but in its inorganic combinations it appears dyadic, 
forming but one chloride, Pb'''Cl 2 , with corres})oiiding bromide anil 
iodide. The oxide cori*esponding to these is Pl/'O, and there are 
also higher oxides in which the metal may be regarded either 
as a dyad or as a tetrad : thus the dioxide PbOo may be fonnulated 

either as OZIPbZIO, or as Pb<9 

Lead Chloride, PbClg, is prepared by precipitating a solution 
of lead nitrate or acetate with hydrochloric, acid or common salt. 
It separates as a heavy wiiite crystalline precijitate, which dis- 
solves ill about 33 parts of boiling water, and se[)arates again, on 
cooling, in needle-shaped crystals. 

There are several oxychlorides of load, one of whicii, Pl)3Cl202, 
or PbCl 2 . 2 PbO, occurs crystallised in right rhombic prisms on the 
Mendip Hills, thence called rtiendiinU. Another, constituting 
Pattinson’s white oxychloride, Pb2Cl20 or PbCl 2 .PbO, is prepared 
for use as a pigment by grinding galena wdth strong hydrochloric 
acid, dissolving the resulting chloride in hot water, and precipitat- 
ing with lime-water. A third oxychloride, PbC]2-7PbO, called 
patent yellow or Turn€r\s yellow^ is prei)ared by heating 1 part of 
sal-ammoniac with 10 parts of litharge. 

Lead Iodide, Pbig, is precipitated, on mixing lead nitrate or 
acetate with potassium iodide, as a bright yellow powder, which 
dissolves in boiling water, and crystallises therefrom in beautiful 
yellow iridescent spangles. 

Oxides. — The monoxide^ PbO, called litharge or inassicotj is the 
product of the direct oxidation of the metal. It is most conve- 
niently prepared by heating the carbonate to dull retlness ; common 
litharge is impure monoxide which has undergone fusion. Lead 
oxide has a delicate straw-yellow colour, is very heavy, and slightly 
soluble in water, giving an alkaline liquid. It is soluble in potash, 
and crystallise,s from the solution in rhombic prisms. At a red 
heat it melts, and tends to crystallise on cooling. In the melted 
state it attacks and dissolves silicious matter with astonishing 
facility, often penetrating an earthen crucible in a few minutes. 

It is easily recluced when heated with organic substances of any 
kind containing carbon or hydrogen. It forms a large class of salts, 
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often called plurnhic salts^ whicli are co jiirless if the acid itself is 
not coloured. 

Triplumhic tetroxidey or lied leady is not of very constant com- 
Ijosition, but generally contains Pb^O^ or 2 PbO.PbOjj. It is l>re- 
pared by exposing the" monoxide, wtiicn has not been fused, for a 
long time to the air, at a very faint red heat ; it is a brilliant red 
and extremely lieavy powder, decomposed, with evolution of oxy- 
gen, by a strong heat, and converted by acids into a mixture of 
monoxide and dioxide. It is used as a cheap substitute for ver- 
milion. 

The dioxidey PbOj^, often called puce or brown lead-oxidey is ob- 
tained v/itbout dilliculty by digesting red lead in dilute nitric acid, 
whereby lead nitrate is dissolved out, and insoluble dioxide left 
behind in the form of a deep-brown powder. The dioxide is 
decomposed by a red heat, yielding up one-half of its oxygen. 
Hydrochloric acid converts it into lead chloride, with disengage- 
ment of chlorine ; hot oil of vitriol forms with it lead sulphate, 
and liberates oxygen. The dioxide is very useful in separating 
sulphurous acid from certain gaseous mixtures, lead sulphate being 
then produced : PbO^ + SO2 =PbS04. 

IHplumhic oxide or Lead sidnrxidey PbgO, is formed when the 
monoxide is heated to dull redness in a retort : a grey pulverulent 
substance is then left, which is resolved by acids into monoxide 
and metal. It absorbs oxygen with great rapidity when heate<l, and 
even when simply moistened with water and exposed to the air. 

Lead Nitrate, Pb(N 03)2 or PbO.N./)^, may be obtained by 
dissolving lead carbonate in nitric acid, or l)y acting directly upon 
the metal by the same agent with the aid of heat : it is, as already 
noticed, a bye-product in the preparation of the dioxide. It crys- 
tallises in anhydrous octohedrons, Avhich are usually milk-white 
and opaque. It dissolves in parts of cold water, and is decom- 
posed by heat, yielding nitrogen tetroxide, oxygen, and lead mon- 
oxide, which obstinately retains traces of nitrogen. When a solu- 
tion of this salt is boiled with an additional quantity of lead oxide, 
a portion of the latter is dissolved, and a basic nitrate generated, 
which may be obtained in crystals. Carbonic acid separates this 
excess of oxide in the form of a white compound of carbonate and 
lead hydrate. 

Neutml and basic compounds of lead oxide with the trioxide 
and tetroxide of nitrogen, have been described. These last are 
l>robably formed by the combination of a nitrite with a nitiute. 

Lead Carbonate ; White Lead; Pb"CO« or PbO.COg. — This 
salt is sometimes found beautifully crystallised in long white 
needles, accompanying other metallic ores. It may be jirepared 
artificially by precipitating in the cold a solution of the nitrat e or 
acetate with an alkaline carbonate: when the lead solution is 
boiling, the precipitate is a basic salt containing 2PbC03.PbH202. 
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It is also manufactui'ed to an immense extent by other means for 
tLe use of tAe pamder. Pure/eacf carbonate lif a soft wnUe^waer^ 
of great a2>ecific gravity, insoluble in water, but easily dissolved by 
dilute nitric or acetic acid. 

Of the nmxiy inethoda put in practice, or proposed, lor making 
white lead, the two following are the most imj>ortant and interest- 
ing : one of these consists in forming a basic nitrate or acetate of 
lead by boiling finely powdered lithaige with the neutral salt. 
This solution is then brought into contact with carbonic acid gas, 
whereby all the excess of oxide previously taken up by the neutral 
salt is at once precipitated as white lead. The solution strained 
or pressed from the latter is again boiled with litharge, and treated 
wim carbonic acid : these processes are susceptible of indefinite 
repetition, whereby the little loss of neut ral salt left in the precipi- 
tates is compensated. The second, and l)y far the more ancient 
method, is rather more complex, and at first sight, not very intel- 
ligible. A great number of earthen jars are prepared, into each 
of which is poured a few ounces of crude vinegar ; a roll of sheet- 
lead is then introduced in such a manner that it shall neither 
touch the vinegar nor project above the toj) of the jar. The vessels 
are next arranged in a large building, side by side, uj>on a layer 
of stable manure, or, still better, sj^ent tan, and closely covered 
with boards. A second layer of tan is spread upon the top of the 
latter, and then a second series of pots ; these are in turn covered 
with boards and decomposing bark, and in this manner a pile of 
many alternations is constructed. After the lapse of a considerable 
time, the pile is taken down and the sheets of lead are removed 
and carefully unrolled ; they are then fomid to be in gieat part, 
converted into carbonate, which merely requires washing and 
grinding to be fit for use. The nature of this curious process is 
generally explained by supposing the vapour of vinegar raised by 
the high temperature of the fermenting matter, merely to act as a 
carrier between the carbonic acid evolved from the tan, and the 
lead oxide formed under the influence of the acid vapour, a neutral 
acetate, a basic acetate, and a carbonate being produced in succes- 
sion, and the action gradually travelling from the surface inwards. 
The quantity of acetic acid used is, in relation to the lead, quite 
trifling, and cannot directly contribute to the production of the 
carbonate. A preference is still given to the product of this old 
mode of manufacture, on account of its superiority of opacity, or 
body^ over that obtained by precipitation. Commercial white lead, 
liowever prepared, always contains a certain proportion of hydrate. 
It is sometimes adulterated with barium sulphate. 

When clean metallic lead is put into pure water and exposed to 
the air, a white, ciystalline, scaly powder begins to show itself in 
a few hours, and very rapidly increases in quantity. This sub- 
stance may consist of le^ hydrate, formed hy the action of the 
oxygen dissolved in the water upon the lead. It is slightly solu- 
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l)le, and may be readily detected in the water. In most cases, 
however, the formation of this deposit is due to the action of the 
carbonic acid dissolved in the water: it consists of carbonate in 
combination with hydrate, and is nearly, insoluble in water. When 
common river or si)ring water is substituted for the pure liquid, 
this effect is less observable, the little sulphate, almost invariably 
j^resent, causing the deposition of a very thin but closely* adherent 
film of lead sulphate upon the surface of the metal, which protects 
it from further action. It is on this account that leaden cisterns 
are used with impunity, at. least in most cases, for holding water : 
if the latter were quite pure, it would be speedily contaminated 
with lead, and the cistern would be soon destroyed. Natural 
water highly charged with carbonic acid cannot, mider any cir- 
cumstances, be kept in lead or passed through leaden pipes with 
safety, the carbonate, though in.soluble in pure water, being slightly 
soluble in water containing carbonic acid. 

The soluble salt s of lead behave with reagents as follows : — 

Caustic potanh and soda precipitate a white hydrate freely soluble 
in excess. Ammonia gives a similar white precii^itate, not soluble 
in excess. The carbonates of potassium^ sodium^ and ammonium^ 
precipitate lead carbonate, insoluble in excess. S\dj)huric acid or 
a sulphate causes a white precipitate of lead sulphate insoluble in 
nitric acid. Hydrogen sniphide and avwionium sulphide throw 
down black lead sulphide. Lead is readily detected before the 
blow-pipe by fusing the comj)ound under examination on charcoal 
with sodium carbonate, when a bead of metal is easily obtained, 
which is recognised by its chemical a.s well as physical properties. 

An alloy of 2 jmrts of lead and 1 of tin constitutes 
solder; these proportions reversed give a more fusible compound, 
called fine solder. The lead employed iii the manufacture of shot 
is combined with a little arsenic. 


GROUP IV.—IRON METALS. 

IRON. 

Atomic weight, 56 ; symbol, Fe (Fernim). 

This is the most important of all metals : there are few substances 
to which it yields in interest, when it is considered how very 
intimately the knowledge of its properties and uses is connected 
with human civilisation. 

Metallic iron is of exceedingly rare occurrence: it has been 
found at Canaan, in Connecticut, forming a vein about two inches 
thick ill mica-slate ; but it enters into the composition of many of 
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those extraordinary stones known to fall from the air, called 
meteorites. Isolated masses of soft malleable iron also, of large 
dimensions, lie loose upon the surface of the earth in South 
America and elsewhere, and are presumed to have had a similar 
origin : these latter, in common with the iron of the undoubted 
meteorites, contain nickel. In an oxidized condition, the presence 
of iron may be said to be universal : it constitutes a great part of 
the common colouring matter of rocks and soils ; it is contained in 
plants, and forms an essential component of the blood of the animal 
body. It is also very common in the state of bisulphide. Pure 
iron may be prepared, according to Mitscherlich, by introducing 
into a Ilessian crucible 4 parts of fine iron wiie cut small, and 
1 part of black iron oxide. This is covered with a mixture of white 
sand, lime, and potassium cai*bonate, in the proportions used fo^' 
glass-making, and a cover being closely applied, the crucible is 
exposed to a very high degree of heat. A button of pure metal is 
thus obtained, the traces of carbon and silicinm ]>resent in the 
wire having been removed by the oxygen of the oxide. 

Pure iron has a white colour and perfect lustre: it is extremely 
soft and tough, and has a specific gravity of 7*8. Its crystalline 
form is probably the cube, to judge from appearances now atid 
then exhibited. In good bar-iron or wire, a distinct fibrous texture 
may always be observed when the metal has l)een attacked by 
rusting or by the application of an acid, and upon the perfection 
of this fibre much ot its strength and value depends. Iron is the 
most tenacious of all the metals, a wire of an inch in diamett r 
l)earin^ a weight of 60 lbs. It is very diflicult of fusion, and 
before becoming liquid piisses through a soft or pasty condition. 
Pieces of iron pressed or hammered together in this state cohere 
into a single mass : the operation is termed weldincf, and is usually 
performed by sprinkling a little sand over the heated metal, which 
combines with the superficial film of oxide, forming a fusilde 
silicate, which is subsequently forced out from between the pieces 
of iron by the pressure applied : clean surfaces of metal are thus 
presented to each other, and union takes place without dilliculty. 

Iron does not oxidise in dry air at common temjieratures : heated 
to redness, it becomes covered with a scaly coating of black oxide, 
and at a high white heat burns brilliantly, producing the same 
subshxnce. In oxygen gas the combustion occurs with still greater 
ease. The finely divided spongy metal prex>ared by reducing the 
red oxide with hydrogen gas takes fire spontaneously in the air. 
Pure water, free from air and carbonic acid, does not tarnish a 
surface of polished iron, but the combined agency of free oxygen 
and moisture speedily leads to the production of rust, which is a 
hydrate of the sesquioxide. The rusting of iron is wonderfully 
promoted by the presence of a little acid vapour. At a red heat, 
iron decomposes water, evolving hydrogen, and passing into the 
black oxide. Dilute sulphuric and hydrochloric acids dissolve it 
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Irecly, with separation of hydro^^en. Iron is strongly magnetic up 
to a red heat, when it loses all traces of that remarkable property. 

Iron is a tetrad, forming two classes of compounds ; namely, the 
ferrous compounds, in which i' is bivalent, e,g.^ IV'Clg, 
Fe" 0 , Fe"S04, &c,, and the ferric compounds, in which it is 
really quadrivalent, though apparently tri valent, ejj.^ 

FeCl3 

I ; (Fe 2 r 03 ; (Fe.rCSO^L, &c. 

l\iCl3 

% 

Chlorides. — The dichloride^ or Ferrous chloride^ FeClj^, is formed 
by transmitting dry hydrochloric acid gas over red-hot metallic 
iron, or by dissolving iron in hydrochloric acid. The latter solu- 
tion yields, when duly concentrated, green crystals of the hydrated 
dichloride FeCb^dli.^O ; they are very soluble and deliquescent, 
and raj udly .oxidise in the air. 

The trichloride^ or Ferric chloride^ Fe2Cl(i, is usually jn-epared 
by dissolving ferric oxide in hydrochloric acid. The solution, 
evaporated to a syrupy consistence, deposits red hydrated crystals, 
which are very soluble in water and alcohol. It forms double 
salts with potassium chloride and sal-ammoniac. When evaporated 
to dryness and strongl y healed, much of the chloride is decom 2 .)Osed, 
yielding sescjuioxide and hydrochloric acid : the remainder sub- 
limes, and afterwards condenses in the form of small brilliant red 
crystals, wliich deliquesce rapidly. Anhydrous ferric chloride is 
also produced by the action of chlorine upon the heated metal. 
The solution of ferric chloride is capable of dissolving a large excess 
of recently ])recii)itated ferric hydrate, by which it acquires a much 
darker colour. 

Iodides. — Ferrous iodide^ in an important medicinal ju’e- 

paration : it is easily made hy digesting iodine with water and 
metallic iron. The solution is pale-green, and yields, on ev^a- 
poration, crystals resemlding those of the chloride, which rapidly 
oxidise on exposure to air. It is best preserved in solution in 
contact with excess of iron. — Ferric iodide^ Fe2l6, is yellowish-red 
and soluble. 

Iron Oxides. — Three oxides of iron are known, namely, ferrous 
oxide, FeO, and ferric oxide, Fe^Og, analogous to the chlorides, 
and an intermediate oxide, usually called magnetic iron oxide, 
containing Fe304, or Fe0.Fe203. A trioxide, Fe03, is sup2)osed 
to exist in a class of salts called ferrates, but it has not been 
isolated. 

Monoxide or Ferrous oxide, FeO. — This is a very j>owerful base, 
neutralising acids, and isomorphous with magnesia, zinc oxide, &c. 
It is almost unknown in the separate state, from its extreme 
proiieness to absorb oxygen and pass into the sesquioxide. When 
a ferrous salt is mixed with caustic alkali or ammonia, a bulky 
whitish precipitate of ferrous hydrate falls, which becomes nearly 
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black when boiled, the water being separated. This hydrate 
changes very rapidly when exposed to the air, becoming green 
and ultimately red-broum. The soluble ferrous suilts have com- 
monly a delicate pale-green colour and a nauseous metallic' 
taste. 

Sesquioxide or Ferric oxide^ Fe^Og. — A feeble base, isomorjihous 
udth ^umina. It occurs native, most beautifully crvstullisech as 
specular iron ore, in the Island of Elba, and elsewhere ; also as 
red and hromi the latter btdng a hydrate. It is artili- 

eially prepared by precipitating a solution of ferric sulphate or 
chloride with excess of aniiiionia, and washing, drying, and igciit- 
iag the yellowiab-hrown hydrate thus produced : fixed alkali 
must not be iisetl in this operation^ as a portion is retained by tir 
oxide. In fine poAvder, this oxide has a full red colour, and is 
used as a pigment, being prepared for the purpose by calcination 
of ferrous sulphate ; the tint varies somewhat with the temperature 
to which it has been exposed. The oxide is unaltered in the fire, 
although easily reduced at a high tem]^raturc by carbon or hydro- 
gen. It dissolves in acids, with difficulty after strong ignition, 
forming a series of reddish salts, which have an acid reaction and 
an astringent taste. Ferric oxide is not acted upon by the 
magnet. 

Trifeirodetroxide^ FerrosO’ferric oxide^ Fe304==Fe0.Fe203, also 
called black iron oxide^ magnetic oxidcj and loadstone ; a natural 
product, one of the most valuable of the ii’on-ores, often found 
in regular octohedral crystals, which are magnetic. It may be 
prepared by mixing due proportions of ferrous and feme salts, 
precipitating them with excess of alkali, and then boiling the 
mixed hydrates ; the latter then unite to a black sandy substance, 
consisting of minute crystals of the magnetic oxide. This oxide 
is the chief product of the oxidation of iron at a high teinperature 
in the air and in aqueous vapour. It is incapable of forming defi- 
nite salts. 

Ferrates. — When a mixture of one part of pure ferric oxide 
and four parts of dry nitre is heated to full redness for an liour in 
a covered crucible, and the resulting brown, porous, deliouescent 
mass is treated when cold with ice-cold water, a deep ametliys tine- 
red solution of potassium ferrate is obtained. The same salt may 
be more easily prepared by passing chlorine gas through a strong 
solution of potash in which recently precipitated ferric hydrate is 
suspended ; it is then deposited as a black powder, which may be 
drained upon a tile. It consists of K2Fe04 or KgO.FeO,. The 
solution of this salt gradually decomposes, even in the cold, and 
rapidly when heated, giving off oxygen and depositing sesquioxide. 
The solution of potassium ferrate gives no precipitate with salts of 
calcium, magnesium, or strontium, but when mixed with a barium 
salt, it yields a deep crimson, insoluble barium ferrate, BaFe04 
Ba0.Fe03, which is very permanent Neither the hydrogen-salt 
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or ferric acid, H3Fe04, nor the corresponding anhydrous oxide, 
FeOa, is known in tlie separate state. 

Ferrous Sulphate, Fe''S04.7H20 or FeO.SO3.7H2O. — This 
beautiful and important salt, commonly called green vitriol^ iron 
vitriol^ or copperas, may be obtained by dissolving iron in dilute 
sulphuric acid : it is generally prepared, however, and on a very 
large scale, by contact of air and moisture with common iron 
pyrites, which, by absorption of oxygen, readily furnishes the sub- 
stance in question. Heaps of this material are exposed to the air 
until the decomposition is sufficiently advanced ; the salt produced 
is then * r .ui ved out by water, and the solution made to crystallise. 
It forms large green crystals, of the composition above stated, 
which slowly efHoresce and oxidise in the air : it is soluble in 
about twice its woiglit of cold water. Crystals containing 4 and 
also 2 molecules of water have been obtained. FeiTOUS sulphate 
forms double salts with the suljjhates of ])otassiuni and ammonium, 
containing Fe"K2(S04)2.6n20 and Fe"(N H4)o(S 04)2.GH20, isomor- 
phous with the corresponding magnesium salts. 

Ferric Sulphate, (Fe2)''‘(S04)3 or Fe203.3S03, is prepared by 
adding to a solution of the ferrous salt exactly one-half as much 
sulphuric acid as it already contains, raising the liquid to the 
boiling point, and then dropping in nitric acid until the solution 
ceases to blacken by such addition. The red liquid thus obtained 
furnishes, on eva])oration to dryness, a buff-coloured amorphous 
mass, which dissolves very slowly when put into water. With 
the sulphates of ])otassium and ammonium, this salt yields com- 
pounds having the form and constitution of alums ; the potassium 
salt, for example, has the composition Fe'"K(S04)3l2H20. The 
crystals are nearly destitute of colour ; they are decomposed by 
water, and sometimes by long keeping in the dry state. These 
salts are best prepared by exj)osing to spontaneous evaporation a 
solution of ferric sulphate to which potassium or ammonium sul- 
phate has been added. 

Ferrous Nitrate, Fe"(N03)2. — When dilute cold nitric acid is 
made to act to saturation upon iron monosulphide, and the solu- 
tion is evaporated in a vacuum, pale-green and very soluble crys- 
tals of ferrous nitrate are obtained, which are very subject to 
alteration. Ferric nitrate is readily formed by pouring nitric acid, 
slightly diluted, upon iron : it is a deep-red liquid, apt to deposit 
an insoluble basic salt, and is used in dyeing. 

Ferrous Carbonate, FeX^Og or Fe^'O-COg. — The whitish pi’e- 
cipitate obtained by mixing solutions of ferrous salt and alkaline 
carbonate : it cannot be washed and dried without losing carbonic 
acid and absorbing oxygen. This substance occurs in nature as spa- 
those iron ore, or iron spar, associated with variable quantities of cal- 
cium and magnesium carbonates ; also in the common c/ay iron-stone, 
from which nearly all the British iron is made. It is often found 
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in mineral waters, being soluble in excess of carbonic acid : sucli 
waters are known by the rusty matter they deposit on exposure 
to the air. No ferric carbonate is known. 

The phosphates of iron are all insoluble. 

Iron Sulphides.-— Several compounds of iron and sulphur ai'e 
described : of these the two most imix>rtaut are the following. 
The monosulphide^ or ferriom sulphide^ FeS, is a blackish brittle 
substance, attracted by the magnet, formed by heating together 
iron and sulphur. It is dissolved by <Ulute acids, with evolution 
of sulphuretted hydrogen gas, and is constantly employed for 
that purpose in the laboratory, being made by projecting into 
a red-hot crucible a mixtm’e of 2^ parts of sulphur and 4 pai4s of 
iron filings or borings of cast iron, and excluding the air as much 
as possible. The same substance is formed when a bar of while- 
hot iron is brought in contact with sulphur. The bisxdjjhide, 
FeS 2 , or iron pyrites, is a natural product, occurring in rocks of 
all ages, and evidently formed in many cases by the gradual de- 
oxidation of ferrous sulphat e by organic matter. It has a brass- 
yellow colour, is very liard, not attracted by the mamiet, and not 
acted upon by dilute acids. When it is ex})osed to heat, sulphur 
is expelled, and an intermediate sulpJiide, Fe 3 S 4 , analogous to the 
black oxide, is ])r(xluccd. This substance also occurs native, under 
the name of maynatic pyrites. Iron pyrites is the material now 
chieHy employed for the manufacture of sulphuric acid ; for this 
j)urpose the mineral is roasted in a current of air, and the sul- 
phurous acid formed is passed into the lead chambers ; the re- 
sidue consists of iron oxide, frequently containing a quantity of 
copper large enough to render the extraction of that metal re- 
niuuerative. 

Conipoiinrls of Iron with phosphorun^ carbon^ and silicium exist, 
hut little is known respectb^g them in a definite state. The car- 
bonide is contained in cast iron and in steel, to which it communi- 
cates ready fusibility ; the silicium compound is also found in 
cast iron. Pliosphorus is a very hurtful substance in bar iron, as 
it renders it brittle or cold-short. 

Reactions of Iron Salts. — Ferrous salts are thus distin- 
guished : 

Caustic alkalis, and amTmnia, give nearly white precipitates, in- 
soluble in excess of the reagent, rapidly becoming green, and ulti- 
mately brown, by exposure to air. The carbonates of potassium, 
sodium, and ammonium throw down whitish ferrous carbonate, 
also very subject to change. Hydrogen sulphide gives no preci- 
pitate, but ammonium sulphide throws down black ferrous sul- 
phide, soluble in dilute acids. Potassium ferrocyanide gives a 
nearly white precijatate, becoming deep-blue on exposure to air ; 
the ferricyanide gives at once a deep blue precipitate. 
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Ferric salts are thus characterise<l : 

Cautic fixed alkalisy and amTtionia^ give foxy-red precipitates of 
ferric hydrate, insoluble in excess. 

The carbonates behave in a similar manner, the carbonic acid 
escaping. 

Hydrogen sulphide gives a nearly white precipitate of sulj^hur, 
and reduces the sesquioxide to monoxide. Ammonium sulphide 
gives a black precipitate, slightly soluble in excess. Potassium 
ferrocyanide yields Pinssian blue. Tincture or infusion of gall- 
nuts strikes intense bluish-black with the most dilute solutions of 
ferric salts. 

Iron manufacture. — This most important branch of industry 
consists, as now conducted, of two distinct parts — viz., the }>roduc- 
tion from the ore of a fusible carbonide of iron; and the subsequent 
decomposition of the carbonide, and its conversion into pui^e or 
malleable iron. 

The clay-iron ore is found in association with coal, foniung thin 
beds or nodules : it consists, as already mentioned, of ferrous 
carbonate mixed with clay; sometimes lime and magnesia are 
also present. It is broken in jjieces, and exposed to heat in a 
furnace resembling a lime-kiln, 
by which the water and carbonic 
acid are expelled, and the ore ren- 
dered dark-coloured, denser, and also 
magnetic ; it is then ready for reduc- 
ti(^n. The furnace in which this 
operation is performed is usually 
of very large dimensions, 50 feet 
or more in height, and constructed 
of l)rickwork with great solidity, 
the interior being lined with ex- 
cellent fire-bricks : the shape will 
be understood from the section 
shown in fig. 144. The ftunace is 
close at the bottom, the fire being 
maintained by a powerful artificial 
blast introduced by two or three 
twyere-pipes^ as shown in the section. 

The materials, consisting of due 
proportions of coke or carbonised 
coal, roasted ore, and limestone, are “ : 
constantly supplied from the top, * 
the operation proceeding continu- 
ously night and day, often for years, or until the furnace is judged 
to require repair. In the upper part of the furnace, where the 
temperature is still very high, and where combustible gases 
abound, the iron of the ore is probably reduced to the metallic 


Fig. 144. 
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state, being disseminated through the earthy matter of the ore. As 
the whole sinks down and attains a still higher degree of heat, the 
iron becomes converted into carbonide by cementation^ while the 
silica and alumina unite with the lime, purposely added, to a kind 
of glass or slag^ nearly free from iron oxide. The carbonide and 
slag, both in a melted state, reach at last the bottom of the furnace, 
where they arrange themselves in the order of their densities: 
the slag Hows out at certain apertures contrived for the i)urpo8e, 
and the iron is discharged from time to time, and suffered to run 
into rude moulds of sand by opening an orifice at the bottom of 
the recipient, previously stopped witli clay. Such is the origin of 
cTude^ casU or 'pig iron^ of which there are several varieties, distin- 
guished by differences of colour, hardness, and composition, and 
known by the names of grey^ blacky and 7ohite iron. The first is 
for most purposes the best, as it admits of being filed and cut with 
perfect ease. The black and grey kinds probal)ly contain a 
mechanical admixture of graphite, which separates during solidi- 
fication. 

A great improvement has been made in the above-described 
process, by substituting raw coal for coke, and blowing hot air 
instead of cold into the furnace. This is effected by causing the 
air, on leaving the blowing-machine, to circulate through a system 
of red-hot iron pipes, until its temperature becomes high enough 
to melt lead. This alteration has already effected a prodigious 
saving in fuel, without, it appears, any injury to the quality of 
the product. 

The conversion of cast into bar iron is effected chiefly by an 
operation called piuldling; previous to which, however, it com- 
monly undergoes a process called refining. It is remelted, in con- 
tact with the fuel, in small low furnaces called refinerien^ while air 
is blown over its surface by means of twyeres. The effect of this 
operation is to deprive the iron of a great part of the carbon and 
silicium associated with it. The metal thus purified is run out 
into a trench, and suddenly cooled, by which it becomes white, 
crystalline, and exceedingly hard : in this state it is called fine 
metal. The pu<ldling process is conducted in an ordinary rever- 
beratory furnace, into which the charge of fine metal is introduced 
by a side aperture. This is speedily melted by the flame, and its 
surface covered with a crust or oxide. The workman then, by 
the aid of an iron tool, diligently stirs the melted mass, so as 
intimately to mix the oxide with the metal : he now and then also 
throws in a little water, with the view of promoting more rapid 
oxidation. Small jets of blue flame, soon appear upon the surface 
of the iron, and the latter, after a time, begins *to lose its fluidity, 
and acquires, in succession, a pasty and a granular condition. At 
this point the fire is strongly urged, the sandy particles once more 
cohere, and the contents of the furnace now admit of being formed 
into several large balls or masses, w'hich are then withdrawn, and 
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Ijlaced under an imxneiifie hammer, moved hy machinery, hy 
which each becomes quickly fashioned into a rude bar. This is 
reheated, and passed betv^een grooved cast-iron rollers, and drawn 
out into a long bar or rod. To make the best iron, the bar is cut 
into a number of pieces, which are afterwards piled or bound 
together, again raised to a welding heat, and hammered or rolled 
into a single bar ; and this process of piling or fagoting is some- 
times twice or thrice repeated, the iron becoming greatly improved 
thereby. 

The general nature of the change in the puddling furnace is not 
difficult to explain. Cast iron consists essentially of iron in com- 
bination with carbon and silicium. When strongly heated with 
iron oxide, those compounds undergo decomposition, the carbon 
and silicium becoming oxidised at the expense of the oxygen of 
the oxide. As this cliange lakes place, the metal gradually loses 
its fusibility, but retains a certain degree of adhesiveness, so that 
when at last it comes under the tilt-hammer, or between the 
rollers, the particles of iron become agglutinated into a solid mass, 
while the readily fusible silicate of the oxide is squeezed out and 
separated. 

All these processes are, in Great Britain, performed with coal 
or coke ; but the iron obtained is, in many respects, inferior to 
that made in Sweden and Eussia from the magnetic oxide, by the 
use of wood charcoal — a fuel too dear to be extensively employed 
in England. Plate iron is, bo^vever, sometimes made with char- 
coal. 

SteeL — A very remarkable and most useful substance, prepai'ed 
by heating iron in contact with charcoal. Bars of Swedish iron 
are imbedded in charcoal powder, contained in a large rectangular 
crucible or chest of some substance capable of resisting the fire, 
and exposed for many hours to a full red heat. The iron takes 
up, under these circumstances, from 1’3 to VI per cent, of carbon, 
becoming harder, and at the same time fusible, with a certain 
diminution, however, of malleability. The active agent in this 
cementation process is probably carbon monoxide : the oxygen of 
the air in the crucible combines with the carbon to form that sub- 
stance, which is afterwards decomposed by the heated iron, one- 
half of its carbon being abstracted by the latter. The carbon 
dioxide thus formed takes up an additional dose of carbon from 
the charcoal, and again becomes monoxide, the oxygen, or rather 
the carbon dioxide, acting as a carrier between the charcoal and 
the metal. The product of this operation is called blistered steel, 
from the blistered and rough appearance of the bars : the texture 
is afterwards improved and equalised by weldinc a number of 
these bars together, and drawing the whole out under a light tilt- 
hammer. 

Some chemists have recently asserted that nitrogen is necessar}'^ 
for the production of steel, aria have, in fact, attributed to its pre- 
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sence the j>eculi4ir properties of this material ; others, again, have 
disputed this assertion, and believe tJiat the transformation of iron 
into steel dej^ends upon the assimilation of carbon only ; experi- 
mentally, the question remains undecided. 

Excellent steel is obtained by fusing grey cast iron with tungstic 
oxide; the carbon of the ii*on reduces the tungstic oxide to 
timgsten, which forms with the iron an alloy possessing the 
properties of steel. The quantity of tungsten thus absorbed by 
the iron is very small, and some chemists attribute the properties 
of the so-called tungsten steel to the general treatment rather than 
to the presence of tungsten. 

The most perfect kind of steel is that which has undergone 
fusion, having been cast into ingot-moulds, and afterwards ham- 
mered: of this all fine cutting instruments are made. It is diffi- 
cult to forge, requiring great skill and care on the part of the 
operator. 

Steel may also be made directly from some particular varieties 
of cast iron, as that from spathose iron ore containing a little 
manganese. The metal is retained, in a melted state, on the 
hearth of a furnace, wliile a stream of air plays upon it, and causes 
partial oxidation : the oxide produced reacts, as before stated, on 
the carbon of the iron, and withdraws a portion of that element. 
When a proper degree of stiftness or pastiness is observed in the 
residual metal, it is witlulrawn, and liammered or rolled into bars. 
The wootZy or native steel of India, is probably made in this 
manner. Annealed cast iron, sometimes called run-steely is now 
much employed as a substitute for the more costly products of the 
Ibrge : the articles when cast, are imbedded in powdered iron ore, 
ur some earthy material, and, after being exposed to a moderate 
red heat for some time, are allowed to cool slowly, by which a 
very great degree of sol’tness and malleability is attained. It is 
very possible that some little decarbonisation may take place 
during this process. 

Bessemer steel is produced by forcing atiiiospberic air into melted 
cast-iron. The carbon being oxidised more readily than the iron, 
it is converted into carbon Jiionoxide, which escapes in a sufficiently 
heated state to take fire on coming in contact with atmospheric air. 
Considerable heat is generated by the oxidation of the carbon and 
iron, so that the temperature is kept above the melting point of 
steel during the whole of the operation. When the decarburation 
has been carried far enough, toe current of air is stopped, and a 
small quantity of white pig-iron, containing a large amount of 
manganese, is dropped into the liquid metal. This serves to facili- 
tate the separation of any gas retained with the melted metal, 
which, after a few minutes^ rest, is run into ingot-moulds. 

The most remarkable property of steel is that of becoming ex- 
ceedingly hard when quickly cooled. When heated to redness, 
md suddenly quenched in cold water, •steel, in fact, becomes capable 
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of scratching glass with facility : if reheated to redness, and once 
more left to cool slowly, it again becomes nearly as soft as ordinarj^ 
iron ; and between these two conditi is, any required degree of 
hardness may be attained. The articles, forged into shape, are 
first hardened in the manner described ; they are then tempered^ or 
let down by exposure to a proper degree of annealing heat, which 
is often judged of by the colour of the thin him of oxide which 
appears on the polished siuface. Thus, a temperature of about 
221° C. (430° F.), indicated by a faint straw colour, gives the 
proper temjier for razors: that for scissors, penknives, &c., is 
comprised between 243° C. and 254° C. (470-490° F.), and is 
indicated by a full-yellow or brown tint. Swords and watch- 
springs ..cquire to be* softer and more ehustic, and must be heated 
to 288° or 293° C. (550--56*()° F.), or until tlie surface becomes 
deep blue. Attention to these colours has now become of less 
importance, as metal baths are often substituted for the o2>en fire 
in this ojieration. 


NICKEL. 

Atomic weight, 58*8; symbol, Ni, 

Nickel is found in tolerable abundance in some of the metal-bear- 
ing veins of the Saxon mountains, in Westphalia, Hessia, Hungaiy, 
and Sweden, chiefly as arseni<le, the kupfernickel of mineralogists, 
so called from its yellowish-red colour. The word nickel is a lerm 
of detraction, having been ajiplietl by the old German miners to 
what was looked ujjon as a kind of false cop])cr ore. 

The artificial, or perliaps rather merely fused product, called 
speissy is nearly the same substance, and may be employed as a 
source of the nickel-salts. This metal is found in meteoric iron, 
as already mentioned. 

Nickel is easily prej)ared by exposing the oxalate to a high white 
heat, in a crucible lined with charcoal, or by reducing one of the 
oxides by means of hydrogen at a high temperature. It is a white, 
malleable metal, having a density of 8*8, a high melting point, and 
a less degree of oxidability than iron, since it is but little attacked 
by dilute acids. Nickel is strongly magnetic, but loses this pro- 
perty when heated to 350°. 

Nickel, from its resemblance to iron and cobalt, is regarded as 
a tetrad, although it forms only one chloride, in which it is biva- 
lent, and no oxygen-salts analogous to the ferric salts. 

Nickel Chloride, Ni^'Clg. — This compound is easily prepared 
by dissolving oxide or carbonate of nickel in hydrochloric acid. 
A green solution is obtained, which furnishes crystals of the same 
colour, containing water. When rendered anhydrous by heat, the 
chloride is yellow, unless it contains cobalt, in which case it has a 
tint of green. 
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Nickel Oxides. — Nickel forms two oxides analogous to the two 
principal oxides of iron. 

The monoxide^ Ni'^'O, is prepared by heating the nitrate to red- 
ness, or by precipitating a soluble nickel salt with caustic potash, 
and washing, drying, and igniting the apple-green hydrateci oxide 
throwm down. It is an ashy-grey jjowder, freely soluble in acids, 
which it completely neutralises, forming salts isomorphuus witli 
those of magnesium and the other members of the same group. 
Nickel salts, when hydrated, have usually a beautiful emerald- 
green colour ; in the anhydrous state they are yellow. 

The sesqiiioxide^ NigOg, is a black insoluble substance, prepared 
by piissing chlorine through the hydrated monoxide suspended in 
water ; nickel chloride is then formed, and the oxygen of the oxide 
decomposed is transferred to a second portion. It is also produced 
when a salt of nickel is mixed with a solution of blcaching-powder. 
The sesquioxide is decomposed by heat, and evolves chlorine when 
treated with hot hydrochloric acid. 

Nickel Sulphate, NiS04.7H20. — This is the most important 
of the nickel salts. It forms green prismatic crystals, which require 
3 parts of cold water for solution. Crystals with six molecules of 
water have also been obtained. It forms with the sulphates of 
potassium and ammonium beautiful double salts, Ni''K2(S04)2. 
6 HqO, and Ni^'(NHA>(SOA. 6 HoO, isomorphous with the corres- 
poikng magnekum silts. ' 

When a strong solution of oxalic acid is mixed with sulphate of 
nickel, a pale bluish-green precipitate of oxalate falls after some 
time, very little nickel remaining in solution. The oxalate can 
thus be obtained for preparing the metal. 

Nickel Carbonate. NiCOg. — When solutions of nickel sul- 
phate or chloride an<l of sodium carbonate are mixed, a pale-green 
precipitate falls, which is a combination of nickel carbonate and 
hydrate. It is readily decomposed by heat. 

Pure nickel-salts are conveniently prepared on the small scale 
from crude speiss or kupfernickel by the following process : — The 
mineral is broken into small fragments, mixed with from one-fourth 
to half its weight of iron filings, and the whole dissolved in nitro- 
inuriatic acid. The solution is gently evapor^ited to dryness, the 
residue treated with boiling water, and the insoluble iron arsenate 
removed by a filter. The liquid is then acidulated with hydro- 
chloric acid, treated with hydrogen sulphide in excess, which pre- 
cipitates the copper, and, after filtration, boiled with a little nuric 
acid to bring back the iron to the state of sesquioxide. To the 
cold and largely diluted liquid solution, acid sodium carbonate is 
gradually added, by which the ferric oxide may be completely 
separated without loss of nickel-salt. Lastly, the filtered solution, 
boiled with sodium carbonate in excess, yields an abundant pale- 
green precipitate of nickel carbonate, from which all the other 
compounds may be prepared. 
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The precipitate thus obtained may still, however, contain cobalt, 
the separation of which is not very easy. Several methods of 
separating these metals have been proposed, the best of which is, 
perhaps, that of H. Rose. The mixetf oxides or carbonates being 
dissolved in excess of hydrochloric acid, the solution, largely 
diluted with water, is supersaturated with chlorine gas, whereby 
the cobalt monoxide is converted into sesqiiioxide, while the nickel 
monoxide remains unaltered. The liquid is next mixed with ex- 
cess of recently precipitated barium carbonate, left to stand for 
twelve to eighteen hours, and shaken up from time to time. The 
whole of the cobalt is thereby thrown down as sesquioxide, while 
the nickel remains in solution, and may be precipitated as hydrate 
by j)otash, after the barium also contained in the solution has been 
removed by precipitation with sul]>huric acid.* 

Nickel-salts are well characterised by their behaviour with 
reagenl..s. 

Caustic alkalis give a pale ap])le-green precipitate of hydrate, 
insoluble in excess. Ammmiia a similar precipitate, which 

is soluble in excess, Avith deep purplish-blue colour. Potassium 
and sodium carbonates give pale-green precipitates. Ammonium 
carbo7iate, a similar j)i*ecipitate, soluble in excess, with blue colour. 
Potassium ferrocijanide gives a greenish -white precipitate. Potas- 
sium cyanide produces a green precipitate, w^hich dissolves in an 
exiH‘ss of the prei'ijntant to an amber-coloured liquid, and is repre- 
cipitateid by addition of hydrochloric acid. Hydrogen sulfide 
occasions no change, if the nickel be in c.ombination with a strong 
acid. Amnioniiim sulphide produces a black precipitate of nickel 
sulphide, which dissolves slightly in excess of the precipitant with 
dark-brown colour. Nickel sulphide wdien once precipitated is 
insoluble in dilute hydrochloric acid ; it is soluble in nitromuriatic 
and in hot nitric acid. 

The chief use of nickel in the arts is in the preparation of a 
white alloy, sometimes called German silver, made by melting 
together 100 parts of copper, 60 of zinc, and 40 of nickel. This 
alloy is very malleable, and takes a high polish. 


COBALT. 

Atomic weight, 58*8 ; symbol, Co. 

This substance bears, in many respects, a close resemblance to 
nickel : it is often ast^ociated with the latter in nature, and may be 
obtained from its compounds by similar means. 

* For other modes of separating nickel and cobalt, see Gmelin's Hand- 
book, vol. V. pp. 355-360; and Wattses Dictionary of Chemistry,” vol. i. 
p. 1046. 
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A cobalt-salt free from nickel may be prepared by Rose’s pro- 
cess just described. The precipitate, consisting of cobalt sesqui- 
oxide mixed with barium carbonate, is boiled with hydrochloric 
acid to reduce the cobalt sesquioxide to monoxide, and dissolve it 
as chloride together with the barium. The latter metal is then 
precipitated by sulphuric acid, and from the filtered liquid the 
cobalt may be precipitated as hydrate by potash. A solution of 
cobalt free from the nickel may also be obtained by precipitating 
the mixed solution with oxalic acid : the whole of the nickel is 
thereby precipitated, together with a small portion of the cobalt, 
leaving pure cobalt in solution. 

Cobalt is a white, brittle, very tenacious metal, having a specific 
gravity of 8*5, and a very high melting-point. It is unchanged in 
the air, and but feebly attacked by dilute hydrochloric and .nil- 
phuric acids. It is strongly magnetic. 

Cobalt forms two classes of salts, analogous in composition to 
the feiTous and ferric salts ; but the cobaltic salts, in which the 
metal is apparently tri valent, are very unstable. 

Chlorides. — The dichloride or Cobaltous chloride^ Co'^Clg, is 
easily prepared by dissolving the oxide in hydrochloric acid ; or it 
may be prepared directly from cobalt-glance^ the native ai'senide, 
by a process exactly similar to that described in the case of nickel. 
It forms a deep rose-red solution, which, when sufficiently strong, 
deposits hydrated crystals of the same colour; when the liquid is 
evaporated by heat to a very small bulk, it deposits anhydrous 
crystals, which are blue : these latter by contact with water again 
dissolve to a red liquid. A dilute solution of col)alt chloiide con- 
stitutes the well-known blue sympathetic ink: characters Avritten on 
paper with this liquid are invisible, from their ])aleness of colour, 
until the salt has been rendered anhydrous by exposure to heat, 
when the letters appear blue. On laying it aside, moisture is ab- 
sorbed, and the writing once more disapjjears. Creen sympathetic 
ink is a mixture of the chlorides of cobalt and nickel. 

The trichloride^ or Cobaltic chloride, Co^Clg, is oblained in solu- 
tion by dissolving the sesquioxide in hydrochloric acid, and in 
small quantity by saturating a solution of the dichloride with 
chlorine gas. The liquid has a dark-brown colour, but easily 
decorax)oses, giving off chlorine and leaving the rose-coloured 
dichloride. 

Oxides. — Cobalt forms two oxides analogous to those of nickel, 
also two or three of intermediate composition, but not very well 
defined. The monoxide, or Gohaltous oxide, Co'^O, is a grey powder, 
very soluble in acids, and is a strong base, isomorphous with mag- 
nesia, affording salts of a fine red tiiit. It is prepared by precipi- 
tating cobaltous sulphate or chloride with sodium carbonate, and 
washing, drying, and igniting the precipitate. When the cobalt- 
solution is mixed with caustic potash, a beautiful blue precipitate 
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falls, which, when heated, becomes violet, and at length dirty red, 
from absorption of oxygen and a change in the state of hydra- 
tion. 

The sesquioxide^ or Cobaltic oxidt, Co^Og, is a black, insoluble, 
neutral powder, obtained by mixing solutions of cobalt and chloride 
of lime. It dissolves in acids, yielding the cobaltic salts. 

Cobaltoso-cobaltic oxide^ C03O4, analogous to the magnetic oxide 
of iron, is formed when cobaltous nitrate or oxalate, or hydrated 
cobaltic oxide, is heated in contact with the air. ALCCording to 
Frdmy it is a salifiable base. 

Another oxide, of acid character, is said to be obtained, in the 
form of a potassium salt, by fusing the monoxide or sesquioxide 
mth potassium hydrate. A crystalline salt is thus formed, consist- 
ing, according to Schwiirzenberg, of KgO.SCogO^.S aq. 

Cobaltous Sulphate, Co"S04. THgO. — This salt forms red 
crystals, requiring for solution 24 parts of cold water : they are 
identical in form with those of magnesium sulphate. It combines 
with the sulphates of potassium and ammonium, forming double 
salts, which contain, as usual, (5 molecules of water. 

A solution of oxalic acid added to cobaltous sulphate occasions, 
after some time, the separation of nearly the whole of the base in 
the state of oxalate. 

Cobaltous Carbonate. — The alkaline carbonates produce in 
solutions of cobalt a pale peach-blossom-coloured precipitate of 
combined carbonate and hydrate, containing 2CoC03.3CoH202+aq, 

Ammoniaoal Cobalt-compounds. — Cobaltous salts treated 
with ammonia in a vessel protected from the air, unites with the 
ammonia, forming compounds which may l>e called ammonio- 
cobaltous salts. Most of them contiiin 6 molecules of ammonia 
to 1 molecule of the cobalt-salt ; thus the chloride contains C0CL2. 
6NIl3.aq.; the nitrate, C(>(N03)2.6NH3.2 aq. They are generally 
crystallisable and of a rose colour, soluble without decomposition 
in ammonia, but decomposed by water, with formation of a basic 
salt. II. Rose, by treating dry cobalt chloride with ammonia-gas, 
obtained the compound C0CI2.4NH3; and in like manner an 
ammonio-sulphat,e nas been formed containing C0SO4.6NH3. 

When an ammoniacal solution of cobalt is exposed to the air, 
oxygen is al)sorbed, the luj^uid turns brown, and new salts are 
formed, containing a higher oxide of cobalt (either C00O3, or C0O2), 
and therefore designated generally as peroxidiseci animonio- 
cobalt salts. Several of them, containing different bases, are 
often formed at the same time. 

Most of the peroxidised ammonio-cobalt salts are composed of 
cobaltic salts united with two or more molecules of ammonia. 
The composition of the normal salts may be illustrated by the 
chlorides, as in the following table : — 
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Tetrainmonio-cobaliic chloride, 
Hexammonio-cohaltic chloride, 
Oclammonio-cobaltic (or fusco-cobaltic) 

chloride, 

Decaiiimonio-cobaltic (roseo- and j3ur- 
pureo-cobaltic) chloride, 
Dodecaininomo-cobaltic(oi>luteo-cobaltic) 
chloride, 


Co,CL. 4 NH, 

Co^Clo. 6NH3 
CogClg. 8NH3 
Co^CIg. IONH3 

Co,C1^.12NH3. 


The formuloD of the corresponding normal nitrates are deduced 
from the preceding by substituting NO3 for Cl; those of the sul- 
phates, oxalates, and other bibasic salts, by substituting SO4, C2O4, 
&c., for Clg. Thus decamnionio-cobaltic sulphate = 002(804)3. 
IONH3. There are also several acid and basic salts of the same 
ammonia-molecules. Furtlier, there is a class of salts containing 
the elements of nitrogen dioxide or nitrosyl, NO, in addition to 
ammonia, decamTnmiio-nitroso-cobaltic or xantho-cobaltic oxy- 
chloride^ C02CI4O.IONH3.N2O2. Lastly, Fr( 5 my has obtained am- 
luoniaeal compounds (oxycobaltic salts) containing salts of cobalt 
corresponding to the dioxide.* 


Cobaltous salts have the following characters: — 

Solution of potash gives a blue precij)itate, changing by heat to 
violet and red. Ammonia gives a blue precipitate, soluble with 
ilitficulty in excess, with browmish-red colour. Sodium carbonate 
affords a pink precipitate. Am'imnium carbonate^ a similar com- 
pound, soluble in excess. Potassium ferrocyanide gives a greyish- 
green precipitate. Potassium cyanide affords a yellowish-brown 
precipitate, which dissolves in an excess of the precipitant. The 
clear solution, after boiling, maybe mixed with hydrochloric acid 
without giving a precipitate. Hydrogen sulphide produces no 
change, if the cobalt be in combination with a strong acid. • 
Ammoyiium sul^ihide throws down black sulphide of cobalt, insol- 
uble in dilute hydrochloric acid. 

Cobaltic salts, formed by dissolving cobaltic oxide in acids, 
give, with potash, a dark-brown precij)itate of hydrated cobaltic 
oxide ; with ammonia, a brownish-red solution ; with the fixed 
allcaline carbonates, a green solution, which deposits a small quan- 
tity of cobaltic oxide ; with amnnonium sulphide (after saturation 
of the free acid by ammonia), a black precipitate. 


Oxide of cobalt is remarkable for the magnificent blue colour 
it communicates to glass : indeed, this is a character by which its 
presence may be most easily detected, a very small portion of the 

For the preparation and properties of all these salts, see Wattses 
“Dictionary of Chemistry,” vol. i. p. 1051, and Supplement, p. 479. Their 
rational formiilse are similar to those of the ammoniacal platinum salts 
(p. 427). 
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substance to be examined being fused witb borax on a loop of 
platinum wire before the blowpipe ; the production of this colour 
both in the inner and in the outer flame distinguishes cobalt from 
all other metals. 

The substance called smalt^ used as a ]>igment, consists of glass 
coloured by cobalt : it is thus made ; — The cobalt ore is roasted 
until nearly free from arsenic, and then fused with a mixture of 
potassium corbonate and quartz-sand, free from oxide of iron. 
Any nickel that may hai)pen to be contained in the ore then sub- 
sides to the bottom of the crucible as arsenide : this is the s 2 ')eiss of 
which mention has already been made. The glass, when complete, 
is removed and poured into cold water : it is ai‘terwar<ls ground to 
powder and elutriated. Cohalt-nltrairmrine is a fine blue colour 
])repared by mixing 16 parts of freshly precipitated alumina with 
2 parts of cobalt phosphate or arsenate : this mixture is dried and 
slowly heated to redness. By daylight the colour is pure blue, 
but by artificial light it is violet. A similar compound, of a fine 
green colour, is formed by igniting zinc oxide with cobalt-salts. 
Zaffer is the roasted cobalt ore mixed with siliceous sand, and 
recluced to fine j)owder ; it is used in enamel painting. A mixture 
in due proportions of the oxides of cobalt, manganese, and iron is 
used for giving a fine black colour to glass. 


MANGANESE. 

Atomic weight, 55 ; symbol, Mn, 

Manganese is tolerably abundant in nature in an oxidised state, 
forming, or entering into the composition of, several interesting 
minerals. Traces of this substance are very frequently found in 
the ashes of plants. 

MetalKc manganese, or perhaps, strictly, manganese carbonide, 
may be prej>ared by the following process: — The carbonate is 
<‘.alcined in an open vessel, by which it becomes converted into a 
dense brown powder : this is intimately mixed with a little char- 
coal, and about one-tenth of its weight of anhydrous borax, A 
charcoal crucible is next prepared by filling a Hessian or Cornish 
crucible with moist tharcoal powder, introduced a little at a time, 
and rammed as hard as possible. A smooth cavity is then scooped in 
the centre, into which the above-mentioned mixture is compressed, 
and covered with charcoal powder. The lid of the crucible is then 
fixed, and the whole arranged in a very powerful wind-fumace. 
The heat is slowly raised until the crucible becomes red-hot, after 
which it is urged to its maximum for au hour or more. When 
cold, the crucible is broken up, and the metallic button of manga- 
nese extracted.' 

Deville has lately prepared pure manganese by reducing pure 
manganese oxide with an insufficient quantity of sugjir charcoal iji 
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a crucible made of caustic lime. Thus prepared, metallic man- 
ganese possesses a reddish lustre like bismuth : it is very hard and 
brittle, and, when powdered, decomposes water, even at the lowest 
temperature. Dilute sitlphuric acid dissolves it with great energy, 
evolving hydrogen. Brunner produced metallic manganese from 
manganese and sodiiun fluoride by means of sodium. The metal 
obtained by this process scratches glass and hardened steel, and 
has a specific gravity of 7*13. 

Manganese, from its general relations to the metals of the iron 
group, is usually regarded as a tetrad, forming a dichloride and 
trichloride analogous to the iron chlorides, together with oxides 
and other compounds of corresponding constitution. It is also 

MnCV 

said to form a heptachloride, Mn 2 Cb 4 , or I , according to which 

MnCl^ 

it should be regarded as an octad; but the composition of this 
com])ound is not very well established. 

Manganese Chlorides. — The dichloride or Manganous chloride 
may be prepared in a state of purity from the dark brown liquid 
residue of tlie preparation of clilorine from manganese dioxide .and 
hydrochloric acid, which often accumulates in the laboratory to a 
considerable extent in the course of investigation : from the pure 
chloride, the carbonate and all other salts can be conveniently 
obtained. The liquid referred to consists chiefly of the mixed 
chlorides of manganese and iron ; it is filtered, eva 2 :)orated to per- 
fect dryness, and the residue is slowly heated to dull ignition 
ill an earthen vessel, with constant stirring. The iron chloride is 
thus either volatilised, or converted by the remaining water into 
insoluble sesquioxide, while the manganese salt is unaffected. On 
treating the greyish -looking powder thus obtained with water, the 
manganese chloride is dissolved out, and may be separated by 
filtration from the iron oxide. Should a trace of the latter yet 
remain, it may be got rid of by boiling the liquid for a few minutes 
with a little manganese carbonate. The solution of the chloride 
has usually a delicate pink colour, which becomes very manifest 
when the salt is evaporated to dryness. A strong solution deposits 
rose-coloured tabular crystals, which contain 4 molecules of water ; 
they are very soluble and deliquescent. The^chloride is fusible at 
a red-heat, is decomposed slightly at tliat temperature by contact 
with air, and is dissolved by alcohol, with which it forms a crys- 
tal! isable compound. 

The trichloride^ or Manganic chloridcy Mn^Clg, is formed when 
precipitated manganic oxide is immersed in cold concentrated 
hydrochloric acid, the oxide then dissolving quietly without evolu- 
tion of gas. Heat decomposes the trichloride into dichloride and 
free chlorine. 

Heptachloride, Mn 2 CL 4 (?). — When potassium permanganate is 
dissolved in strong sulpnuric acid, and fused sodium chloride is 
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added by $inall portions at a time, a greenish-yellow gas is given 
off, which condenses at 0° to a greenish-brown liquid. This com- 
pound, when exposed to moist air, gives off fumes, coloured purple 
by permanganic acid, and is instantlv decomposed by^ water into 
permanganic and hydrochloric acids. It is regarded by Dumas, 
who discovered it, as the heptachloride of manganese; but 
H. Rose regards it as an oxychloride, MnCUOp, analogous to chromic 
oxychloride, a view which is corroborated by its mode of form- 
ation. 

Fluorides of manganese have been formed analogous to each of 
these chlorides. 

Manganese Oxides. — Manganese forms four well-defined 
oxides, constituted as follows : — 

Monoxide, or Manganous oxide .... MnO 

Triniangano-tetroxide, or Manganoso-mangaiiic oxide Mn 304 

Sesquioxide, or Manganic oxide .... Mn^Og 

Dioxide or lYu-oxide ...... MnOg. 

The first is a strong base, the third a weak base ; the second and 
fourth are neutral ; the second may be regai'ded as a compound of 
the first and thir<l, MnO.Mn^Og. There are also several oxides 
intermediate between the monoxide and dioxide, occurring as 
natural minerals or ores of manganese. Manganese likewise foims 
two series of oxygen salts, called manganates and permanganates^ 
tlie com])osition of which may be illustrated by the potassium 
salts, viz. : 

Potassium manganate . . K 2 Mn 04 = KgO.MnOg 

Potassium permangnate . . KgMiigOg == KgO.MugOy . 

The oxides, MnOa and Mn^Oy, corresponding to these salts, are 
not known. 

Monoxide or Manganous oxide^ MiiO. — When manganese car- 
bonate is heated in a stream of hydrogen gas, or vajiour of water, 
carbon dioxide is disengaged, and a greenish powder left behind, 
which is the monoxide. Prejiared at a dull red heat only, the mon- 
oxide is so prone to absorb oxygen from the air, that it cannot be 
removed from the tube without change; but when pi*epared at a 
higher temperature, it apjiears moi'e stable. This oxide is a very 

J iowerful base, being isomorphous with magnesia and zinc oxide ; it 
lissolves quietly in dilute acids, neutralising them completely and 
forming salts, which have often a beautiful pink colour. When 
alkalis are added to solutions of these compounds, the white 
hydrated oxide fimt precipitated speedily becomes brown by pass- 
ing into a higher state of oxidation, 

Sesquioxide or Manganic oxide^ MngOg. — This compound occurs 
in nature as braunite^ and in the state of hydrate as manganite : a 
very beautiful crystallised variety is found at Ilefeld, in the Hailz. 
It is produced artificially, by exposing the hydrated monoxide to 
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the air, and forms the principal part of the I'esidue left in the iron 
retort when oxygen gas is pi-epared by exposing the native dioxide 
to a moderate red-heat. Tlie colour of the sosquioxide is brown 
or black, according to its origin or inode of prejmral ion. It is a 
feeble base, isomorjdious with aluiniiia: for when gently heated 
with diluted sulphuric acid, it dissolves to a red Ihjuid, which, on 
the addition of ]>otassiuiu or aininonium sulphate, deposits 
octohednil crystals, having a ctujstitutioa similar to that of com- 
mon alum: these are, however, decomposed Jiy Mater. Strorn^ 
nitric acid resolves this oxide into a mixture of monoxide and 
dioxide, the former dnsolving, and the latter ivmaining unaltered ; 
while hot oil ol vitriol deslnys it by formitig mauganous sulphate 
and liberating oxygen gas. On heating it with hydn»chIoric acid, 
chlorine is evolved, as with the dioxitle, but in smaller amount. 

Dioxidf^j MnO ^. — Ptjnyxith of Manffunese. Ibjrolnsitt.- -The most 
common oix* of manganese ; it is found \kA\\ massive and crystal- 
lised. It may be obtained artificially in the nnbydrous stale by 
gentle calcining the nitrate, or in combination with water, In- 
adding solution of bleaching powder to a Siilt of tlie monoxide. 
Manganese dioxide has a blacK colour, is insoluble, in water, and 
refuses to unite with acids. It. is decomposed by hot hydrochloric 
acid and by oil of xdtriol in the same manner as the ses(juioxide. 

The proportion of real dioxide contained in a commercial sample 
of the black oxide may be determined as follow s : — 50 grains 
of the mineral, reduced to very fine powder, are ]>iii into the 
little vessel employed in the analysis of carbonates (p. 338), 
together with about half an ounce of cold water, ajid 100 
grains of strong liydrochloric acid ; 50 grains of crystallised oxalic 
acid, CjjH., 04 , are then added, the cork currying the drying tube is 
fitted, anil the whole quickly Mreighed or counterpoised. The ap- 
plication of a gentle heat suffices to detennine the action ; the oxalic 
acid is oxidised into water and carbon dioxide, which escapes as 
gas, while the manganese remains in solution as manganous 
chloride : 

M 11 O 2 + C 2 H 2 O 4 + 2UC1 = MnCl 2 + 2 II 2 O + 2 CO 2 . 

This equation show s that every tw^o molecules of carbon dioxide 
evolved correspond to one molecule of manganese dioxide decom- 
posed. Now the molecular weight of tliis oxide, 87, is so nearly 
equal to twice that of carbon dioxide, 44, that, the loss of w-eight suf- 
fered by the apparatus when the reaction has become complete, and 
the residual gas has been driven off by momentary ebullition, may 
be taken to represent the quantity of real dioxide in the 50 grains 
of the sample. The apparatus of Will and Fresenius, described at 
page 338, may also be used with advantage in this process. 

Trimangano-tetroxide, or Red manganese oxide, Mn 304 , or pro- 
bably MnO.MnoOg. — This oxide is also found native, as hausman- 
nite, and is produced artificially by heating the dioxide or sescjui-^ 
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oxide to whiteness, or by exposing the monoxide or carbonate to a 
red heat, in an open vessel. It is a reddish-brown substance, incap- 
able of forming sails, and acted ujion by acids in the same manner 
as the two other oxides already described. Borax and glass in the 
fused state dissolve it, and acquire the colour of the amethyst. 

Varvicite^ Mn407.H20 or MnO.aMnO^-HgO, is a natural mineral, 
discovered by Phillips among certain specimens of manganew^ 
ore from Warwickshire : it has also been found at Ilefehl. It 
much resembles the dioxide, but is harder and more brilliant. By 
a strong heat, varvicite is converted into red oxide, with dis- 
engagement of aqueous vapour and oxygen gas. 

Sevrral otlier oxides, iiiteriiiediute in composition between the 
moiio.vMe and dioxide, also occur native; they are probably mere 
mixtures, and in many cases the immoxide is more or less replaced 
by the corresponding oxides of in)n, coIkiU, and copper. 

Manoanoi’s Sulphate, ]\InS04.7H20 or MnO.SOo.THgO. — A 
beautiful rose-coloured and very soluble salt, isomorjdious with 
magnesium suljdiate. It is prepared on the large scale for the 
use of the dyer, by heating in a close vessel manganese dioxide 
and coal, and dissolving tlie impure monoxide thus obtained in 
sulphuric aedd, with addition of a little hydrochloric aedd towards 
the end of the process. The solution is evaporated to dryness, 
and again exposed to a red heat, by which ferric sxilphate is decom- 
posed, Water then dissolves out the jmre manganese sulphate, 
leaving ferric oxide behind. The salt is used to produce a per- 
manent brown dye, the cloth steeped in the solulion being after- 
wards passed through a solution of bleacliing powder, by which 
the monoxide is changed to insoluble hydrate of the dioxide. 
Manganese sulphate sometimes crystallises with 5 molecules of 
water. It forms a double salt with potassium sulphate, containing 

Manganese Carbonate, Mn^COg or Mn'^O-COg. — Prepared 
by precipitating the dicliloride with an alkaline carbonate. It is 
an insoluble white powder, sometimes with a buff-coloured tint. 
Exposed to heat, it loses carbon dioxide and absorbs oxygen. 

Manganates. — When an oxide of manganese is fused willi 
potash, oxygen is taken up from l,he air, and a deej) green saline 
mass results, which contains potassium manganate, K2Mn04 or 
KgO.MnOg. The addition of potassium nitrate or chlorate facili- 
tates the reaction. Water dissolves this compound very readily, 
and the solution, concentrated by evaporation in a vacuum, yields 
green crystals. Barium manga'uatey Ba"Mn04, is formed in a 
similar manner. 

Permanganates. — When potassium mangauate, free from any 
great excess of alkali, is put into a large quantity of water, it is 
resolved into hydrated manganese dioxide, which subsides, and 
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K2^2^8 KoO.Mii207, winch I'emaiiis 
in solutioni forming a deep purple liquid : 

3K2Mn04 + 2 H 2 O - MnOg + KaMiigOg + 4KHO. 

This effect is accelerated by heat. The changes of colour accom- 
panying this decomposition aie very remarkable, and have procured 
lor the manganate the name mineral chamdeon ; excess of alkali 
hinders the reaction in some measure, by conferring greater 
stability on the manganate. Potassium })erinanganute is easily 
prepared on a considerable scale, fijiial pirts of very finely 
powdered majiganese dioxide and potassium chlorate are mixed 
with rather more than one piirt of potassium hydrate dissolved in 
a little water, and the whole is exposed, after evaporation to t -y- 
i/ess, to a temperatiiiv just short of ignition. The mass is treated 
hot water, the ipsrduhle oxide setnimtetl hv deeantafiori, and 
the deep-purple linnid cnnrentraUd hy heat, until crystals form 
ujMjn its surface: it is then lett to conj. The crj'stals have a dark 
pvupk culovu, and are uoi very solulde iu cohl Valet. The man- 
^auales audpemanoanales are decomposed by contact with org?inic 
Tualter: the former are Siiid to he isomorphous with the sulphates, 
and the latter with the perchlorates. The green and red disinfect- 
ing agents, known as Condy’s tluids, are alkaline mangauates and 
permanganates. 

Hydrogen permanganate or Permanganic Acidy HoMi^Og, is 
obtained by dissolving potassium |>ermanganale in hydrogen sul- 
phate, H 2 SO 4 , diluted with one molecule of w^ater, and distilling 
the solution at 60^-70^. Permanganic acid then j)asses over in 
violet vapours, and condenses to a greenish- black li([uid, which 
has a metallic lustre, absorbs moisture greedily from the air, and 
acts as a mo.st powerful oxidising agent, instantly setting fire to 
paper and to alcohol. 

Manganous salts are very easily distinguished by reagents. 
The fixed caustic alkalis and ammonia, give white precipitates, 
insoluble in excess, quickly becoming brown. The carbonates of 
the fixed alkalis, and carbonate of ammonia, give white jwecipitales, 
but little subject to change, and insolulde in excess of carbonate 
of ammonia. Hydrogen sulphide gives no precipitate, but ammo- * 
nium sulphide throws down insoluble flesh-coloured sulphide of 
manganese, which is very characteristic. Potassium ferrocyanide 
gives a while precipitate. 

Manganese is also easily detected by the blow-pipe: it gives 
with borax an amethyst-coloured bead in the outer or oxidising 
flame, and a colourless one in the inner flame. Heated upon 
platinum foil with sodium carbonate, it yields a green mass of 
sodium manganate. 
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CLASS V.— PENTAD METALS. 

ANTIMONY. 

Atomic weiglit, 122 ; symbol, Sb (Stibium). 

This ii m itant metal is found chiefly in the state of sulphide 
The OK I treed by fusion from earthy impurities, and is afterM'ards 
decompoHeu by heating with metallic iron or potassium carbonate 
which retains the sulphur. ’ 

Antimony has a bluish-white colour and strong lustre: It is 
brittle, heijjg reduced to powder with the utmost Ccise, 
Its specitie f^ravity lx 6**8; it melts at a tem?>erature just short of 
iwlness, and boils and volatilises at a white heat. It has always 
a distinct crvstalline. jdaty strii<*ture, but by particular manage- 
ment it may be obtained in (‘lyslals, which are rhombohedraL* 
It is not oxiilisiHl by the air at common temperatures; when 
stnnigly heated, it burns with a white liame, producing oxide, 
which is often deposited in beautiful crystals. It is dissolved by 
hot hydrochloric acid, with eAMdulion of hydrogen and production 
of chloride. Nitric acid oxidises it to antimonic acid, which is 
insoluble in that liquid. 

Antimony forms two classes of compounds, the antiinonious 
compounds in which it is trivalent, as Sl/'^QIg, Sb'"203, Sb"'2S3, 
&c., and the antimonic coiniiounds in which it is quinquivalent, 
as SVClr,, Sb'"205, Sl)''2Sr,, &c. 

Chloridks. — The trichloride or Antimonious chloride^ SbCl,, 
formerly called hitter of anti'nionyj is jiroduced when hydrogen 
sulphide is prepared by the action of strong hydrocliloric acid on 
antimonious sulphide. The inqmre and higlxly acid solution thus 
obtained is put into a retort and distilled, until each drop of the 
condensed product, on falling into the acpieous liciuid of the receiver, 
produces a copious white precipitate. The receiver is then changed 
and the distillation continued. Pure antimuiiious cliloride then 
passes over, and solidifies on cooling to a white, higlily crystalline 
mass, from which the air must be carefully excluded. The same 
compound is formed by distilling metallic antimony in powder 
with 2 J times its weight of corrosive sublimate. Antiinonious 
chloride is very deliquescent : it dissolves in strong hydrochloric 
acid without decomposition, and the solution poured into water 
gives rise to a wliite bulky precipitate, which, after a short time, 

• On electrolysing a solution of one part of tartar-emetic in 4 parts of 
antimonious chloride by a small battery of two elements, antimpny forming 
the positive, and metallic copper the negative pole, crusts of antimony 
are obtained, which possess the remarkable property of exploding and 
catching fire when cracked or broken (Gore, Proceedings oj the Royal 
Society, ix, 70). 
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\)ecomes liigblv crys^talline, and assimies a pale fawn colour. This 
is tlie old poihi^jr of Algaroth; it is a compound of trichloride and 
trioxide of antimony. Alkaline solutions extract the chloride and 
leave tlie oxide. Finely powdered aniimoiiy thrown into chlorine 
gas takes fire. 

The Pentachloridey or Antimmiic chloride^ Sht^lr,, is formed by 
passing a stream of chlorine gas over gently heated metallic anti- 
monv : a mixture of the two chlorides rev^^ults, wliicli may l>e sepa- 
rated by distillation. The pentachloride is a colourless volatile 
liquid, which forms a crystalline compound with a small portion 
of water, but is decomposed by a larger quantity into antimonic 
and hydrochloric acids. 

Antimonious Hydride. Antimonetted Hydrogen. Sti- 
BINE, SbHg. — When zinc is put into a solution of antimonious 
oxide, and sulphuric acid added, pai*t of the hydrogen combines 
with the antimony, and the resulting gas, which is a mixture of 
slibine with free hydrogen, burns with a greenish flame, pving 
rise to white fumes of antimonious oxide. When the gas is con- 
ducted through a red-hot glass tube of narrow dimensions, or burned 
with a limited supply of air, as when a cold porcelain surface is 
pressed into the flame, metallic antimony is deposited. On pass- 
ing a current of antimonetted hydrogen through a solution of silver 
nitrate, a black precipitate is obtained, containing SbAg3 : from 
the formation of il^ compomid it is inferred that the gas has tlie 
composition Sbllg, analogous to ammonia, phosphine, and arsine. 
There are also several analogous compounds of antimony with 
alcohol-radicals, such as trimethylstihine^ Sb(CH3)3, triethylstibine^ 

Sb(C2H3)3, &C. 

Oxides. — Antimony forms two oxides, Sb203 and SKOg, analo- 
gous to the chlorides, the first being a basic and the second an acid 
oxide, also an intermediate neutral oxide, Sb204. 

The trioxide, or Aiitimonious oxide, Sb203, occurs native, though 
rarely, as valentinite or white antimony, in shining white trimetric 
crystals; aim as seiiarmontite in regular octohedrons: it is there- 
fore dimorphous. It may be prepared by several methods : as by 
burning metallic antimony at the bottom of a large red-hot crucible, 
in which case it is obtained in brilliant crystals ; or by pouring 
solution of antimonious chloride into water, and digesting the 
resulting precipitate with a solution of sodium carbonate. The 
oxide thus produced is anhydrous; it is a pale buff-coloured 
powder, fusible at a red heat, and volatile in a closed vessel, but 
in contact with air at a high temperature, it absorbs oxygen and 
becomes changed into the tetroxide. When boiled with cream of 
tartar (acid potassium tartrate), it is dissolved, and the solution 
yields on evaporation crystals of tartar-emetic, which is almost the 
only antimonious salt that can bear admixture with water without 
decomposition. An impure oxide for this purpose is sometimes 
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pepared by carefully roasting the powdered sulphide in a rever- 
beratory furnace, and raising the heat at the end of the process, 
so as to fuse the product : it has long been known under the 
glass of antimony, or vitrum antimonii. 

Antunouious oxide likewise acts as a ieeble acid, forming salts 
called antimonites, which, however, are very unstable. 

The tetroxide, or Antmumoso-antiinonic oxide, Sb^O^ or Sb203. 
Sb^Og, occurs native as cervantite or antimony ochre^ in acicular 
crystals, or as a crust or powder. It is the ultimate product of the 
oxidation of the metal by heat and air : it is a greyish -white pow- 
der, infusible and non-volatile, insoluble in water and acids, ex- 
cept when recently precipitated. On treating it -with tartaric acid 
(acid pohissium tartrate), antimonious oxide is dissolved, an timonic 
acid remaining behind ; and when a solution of the tetroxide in 
hydrochloric acid is gradually dro])ped into a large quantity of 
water, antimonious oxide is precipitated, while antinionic acid 
remains dissolved. From these and similar reactions it has been 
inferred that the tetroxide is a compound of the trioxide and pent- 
oxide. Oil the other hand, it is sometimes regarded as a distinct 
oxide, because it dissolves without decomposition in alkalis, form- 
ing salts (otten called antimoniten) which may be obtained in the 
solid slate. Two potassium salts, for example, have been formed, 
containing KgO. 81)204 and 1^20.281)204 ; and a calcium salt, 3 CaO. 
281)204, occjurs as a natural mineral, called romeine. These salts 
may, however, be regarded as compounds of antimonates and anti- 
monites (containing 81)203): thus, 2(K20.28b204)=s=K20.8b205 -f- 
KXl.Sb.Oa. 

The pentoxidej or Antinionic oxide, Sb20r, is formed as an insolu- 
ble hydrate Avhen strong nitric acid is made to act upon metallic 
antimony ; and, on exposing this hydrate to a lieat short of redness, 
it yields the anhydrous pentoxide as a pale si raw-coloured powder, 
insoluble in water and . acids. It is decomposed by a red heat, 
yielding the tetroxide. 

Hydrated antimonic oxide is like>vise obtained by decomposing 
antimony pentachloride with an excess of water, hydrochloric acid 
being formed at the same time. The hydratixl oxides, or acids, 
produced by the two processes mentioned, differ in many of their 

S erties, and especially in their deportment with bases. The 
produced by nitric acid, called antimonic acid, is mono- 
basic, producing normal salts of the form MaO.SbgO^ or MSbOg, 
and acid salts, containing M20.2Sb205 or 2M8l)03,Sh205. The 
other, called metantimonic acid, is bibasic, forming normal 
salts, containing 2M20.Sb205 or M4Sb207., and acid salts, containing 
2M20.28b205 or M^O.SboO/j, so that the acid nietantinioTiates are 
isomeric or polymeric with the normal antimonates. Among the 
metantimonates an acid potassium salt, KgO.SKOg.THgO, is to be 
particularly noticed as yielding a precipitate with sodium salts : it 
is, indeed, the only reagent which precipitates sodium. It is ob- 
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tained by fusing antimouic oxide with an excess of potash in a 
silver crucible, dissolving the fused mass in a small quantity oi‘ 
cold water, and allowing it to crystallise in a vacuum. The crys- 
tals consist of normal potassium inetantiiiionate, 2K20.Sb205, and, 
when dissolved in pure water, are decomposed into free potash 
and acid metaiitimonate. 

Sulphides. — The trimlpliide or Antimmiious sulphide^ SbgSg, 
occurs native as a lead-grey, brittle substance, having a radiated 
crystalline texture, and easily fusible. It may be prepared arti- 
ficially by melting together anthnony and sulphur. When a 
solution of tartar-emetic is precipitated by hydrogen sulphide, a 
brick-red precipitate falls, which is the same substance combined 
with a little water. If the precipitate be dried and gently heated, 
the water may be expelled without other change of colour than a little 
darkening, but at a higher temperature it assumes the colour and 
aspect of the native sulphide. This remarkable change probably 
indicates a passage from the amorphous to the crystalline shite. 

When powdered antim onions sulphide is boiled in a solution of 
caustic potash, it is dissolved, antinionious oxide and potassium 
suli)hide being produced ; and the latter unites with an additional 
quantity of antimonious sulphide to form a soluble sulphur-salt, 
in which the potassium sulphide is the sulphur-base, anci the anti- 
monious sulphide is the sulphur-acid : 

3 K 2 O -f 2Sb2S3 = Sb 203 + 3K2S.Sb2S3. 

Tlie antimonious oxide separates in small crystals from the boil- 
ing solution when the latter is concentrated, and the sulphur-salt 
dissolves an extra portion of antimonious sulphide, which it again 
deposits on cooling as a red amorphous powder, containing a small 
admixture of antimonious oxide and potassium sulphide. This is 
n the kermes mineral of the old chemists. ' The filtered solution 
mixed with an acid gives a potassimn salt, hydrogen sulphide, and 
j)recipitated antimonious sulphide. Kennes may also ])e made by 
fusing a mixture of 5 parts antimonious sulphide and 3 of dry 
sodium carbonate, boiling the mass in 80 parts of water, and filter- 
ing while hot : the compound separates on cooling. The com- 
pounds of antimonious sulphide with basic sulphides are called 
sulph-antimonites ; many of them occur as natural minerals. Foi* 
example : zinkenite, PbS.SbgSg ; feather-ore, 2 PbS.Sb 2 S 3 ; bou- 
langerite, 3PbS.Sb2S3 ; fahlore, or tetrahedrite, 4Cu2S.Sb2S3, the 
antimony being more or less replaced by arsenic, and the copper 
by silver, iron, zinc, and mercury. 

The pentasulphide or Antimonic sulphide^ SbgSg, formerly called 
sulphur auratum^ is also a sulphur-acid, forming salts called sulph- 
antimonates^ most of which have the composition 3 M«S.Sb 2 S 3 , or 
MoSbS 4 , analogous to the normal orthophosphates and arsenates. 
When 18 parts of finely powdered antimonious sulphide, 17 parts 
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<lry sodium carbonate, 13 p^ts slaked lime, and 34 parts sulphur 
are boiled for some hours in water, calcium carbonate, sodium 
antimonate, antimony pentasulphide, and sodium sulphide are 
produced. The fii-st is insoluble, and the second pai-tially so : the 
two last-named bodies, on the cunt' ry, unite to form soluble 
sodium sulphantimonate, Na 3 SbS 4 , which may be obtained by 
evaporation in beautiful crystals. A solution of this substance, 
mixed with dilute sulphuric acid, furnishes sodium sulphate, 
hydrogen sulphide, and antimony pentasulphide, which falls as a 
golden-yellow flocculent precipitate. 

The sulphantimonates of the alkali-metals and alkaline earth- 
metals are very soluble in water, and crystallise for the most part 
with several molecules of water. Those of the heavy metals are 
insoluble, and are obtained by precipitation. 

The few salts of antimony soluble in water are distinctly 
characterised by the orange or brick-red precipitate with hydroffen 
sulphidej which is soluble in a solution of ammonium sulphide, 
and again precipitated by an acid. 

Antimonious chloride, as already observed, is decomposed by 
water, yielding a precipitate of oxychloride. The precipitate dis- 
solves in hydrochloric acid, and the resulting solution gives, with 
potash, a white precipitate of trioxide, soluble in a large excess of 
the reagent; with ammonia the same, insoluble in excess; with 
potassium or sodium carbonate, also a precipitate of trioxide, which 
dissolves in excess, esi)ecially of the potassium salt, but reappears 
after a while. If, howevei*, the solution contains tartaric acid, 
the precipitate formed by f)otash dissolves easily in excess of the 
alkali ; ammonia forms but a slight precipitate, and the precipitates 
formed by alkaline carbonates are insoluble in excess. The last- 
mentioned characters are likewise exhibited by a solution of 
tartar-emetic (potassio-antiinouious tartrate). Zinc and iron preci- 
pitate antimony from its solutions as a black powder. Cojper 
precipitates it as a shining metallic film, which may be dissolved 
olf by potassium peimanganate, yielding a solution which will give 
the characteristic red precipitate with hydrogen sulphide. 

Solid antimony-compounds fused upon charcoal with sodium 
carbonate or potassium cyanide, yield a brittle globule of anti- 
mony, a thick wliite fume being at the same time given off, and 
the charcoal covered to some distance around with a white deposit 
of oxide. 

Besides its application to medicine, antimony is of great import- 
ance in the arts, inasmuch as, in combination with lead, it forms 
type-metal. This alloy expands at the moment of solidifying, and 
takes an exceeding sharp impression of the mould. It. is remark- 
able that, both its constituents shrink under similar circumstances, 
and make very bad c^istings. 
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Britannia metal is an alloy of 9 parts tin and 1 part antimony, 
frequently also containing small quantities of copi)er, zinc, or bis- 
muth. An alloy of 12 parts tin, 1 part antimony, and a small 
quantity of copper, forms a superior kind of pewter. Alloys of 
antimony wi 1 .h tin, or tin and lead, are now much used for 
machinery-bearings in place of gun-ineial. Alloys of antimony 
with nickel and with silver occur as natural minerals. 

Antimony trisulphide enters into the composition of the blue 
signal-lights used at sea.* 


AKSmriC. 

Atomic weight, 75. Symbol, As, 

Arsenic is sometimes found native : it occurs in considerable 
quantity as a constituent of many minerals, combined with metals, 
sulphur and oxygen. In the oxidised slate, it has been found in 
very minute quantity in a great many mineral waters. The 
largest proportion is derived from the roasting of natural arsenides 
of iron, nickel, and cobalt. The operation is conducted in a re- 
verberatory furnace, and the volatile products are condensed in a 
long and nearly horizontal chimney, or in a kind of tower of 
brickwork, divided into numerous chambers. The crude arsenious 
oxide thus produced is purified by sublimation, and then heated 
with charcoal in a retort ; the metal is reduced, and readily 
sublimes. 

Arsenic has a steel-grey colour, and high metallic lustre : it is 
crystalline and very brit tle ; it tarnishes in the air, but may be 
preserved unchanged in pure water. Its density, in the solid 
state is 5*7 to 5*9. When lieated, it volatilises without fusion, and 
if air be present., oxidises to arsenious oxide. Its vapour-density, 
compared with that of hydrogen, is 150, which is twice its atomic 
weight, so that its molecule in the gaseous state, like that of 
phosphorus, occupies only half the volume of a molecule of hydro- 
gen (p. 246). The vapour has the odour of garlic. 

Arsenic combines with metals in the same manner as sulphur 
and phosphorus, which it resembles, especially the latter, in many 
respects : indeed, it is often regarded as a metalloid. 

Arsenic, like nitrogen, behaves in most respects as a triad ele- 
ment, not being capable of uniting with more than three atoms of 
any one monad element. Thus it forms the compounds AsH^, 
AsCl^, AsBrg, &c., but no compound analogous to the peiita- 
chlonde of phosphorus or antimony. But just as ammonia, NH 3 , 

* Blue or Bengal light : 

Dry potassium nitrate, ... 6 parts. 

Sulphur, 2 ,, 

Antimony trisulphide, ... 1 part. 

All in fine powder, and intimately mixed. 
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can take up the elements of hydrochloric acid to form sal-am- 
moniac, NH4CI, ill which nitrogen appears quinquivalent, so like- 
wise can arsenetted hydrogen or arsine, As'"H3, unite with the 
chlorides, bromides, &c., of the i licals, methyl, ethyl, &c., to 
form salts in which the arsenic apjiears to be quinquiva- 
lent, e. (/. : 

Arsenethylium bromide . , As’H3(C2H5)Br, &c. 

Arsenmethylium chloride . A8''H3(CH3)C1. 

In like manner, arsenlrimethyl, As'"(CH3)3, unites with the 
^lorides of methyl and ethyl, forming the compounds As’'(CH3)4Cl 
and As^OH )3(q2H,)Cl. 

Arsenic likewise forms two oxides, viz., arsenious oxide, As"203, 
and arsenic oxide, As’gOr,, with corresponding acids and salts, ana- 
logous to the phosphorous and phosphoric compoun<ls : the arsen- 
ates, in particular, are isomorjdious with the orthophosphates, and 
resemble them closely in many other respects. 

Arsenious Chloride, ASCI3. — This, the only known chloride of 
arsenic, is ))rodu(*,ed, with emission of heat and light, when 
powdered arsenic is tiirown into chlorine gas. It is prepared by 
distilling a mixture of 1 part of metallic arsenic and 6 parts of 
corrosive' sublimate, and by distilling arsenious oxide wdth strong 
hydrochloric acid, or wdth a mixture of common salt and sulphuric 
acid. It is a colourless, volatile, highly poisonous liquid, decom- 
posed by w'ater into arsenious and hydrochloric acids. Arse 7 ii(ms 
iodide^ ASI3, is formed by heating melalHc arsenic with iodine: it 
is a deep-red crytitallirie substance, capable of sublimation. The 
corresponding bromide and Jlmride are both liquid. 

Hydrides. — Arsenic forms two hydrides, containing 2 and 3 
atoms of liydrogen combined with 1 atom of arsenic. 

The trihydride, Arseiiioifti hydride, Arsenetted hydrogen or Arsine, 
AsHg, analogous in composition to ammonia, phosphine, and sti- 
bine, is obtained ])ure by the action of strong hydrochloric acid on 
an alloy of equal parts of zinc and arsenic, and is produced in 
greater or lesser proportion wlienever hydrogen is set free in contact 
with arsenious acid. Arsenetted hydrogen is a colourless gas, of 
specific gravity 2*G05, slightly soluble in water, and having the 
smell of garlic. It burns, when kindled, with a blue flame, gene- 
rating arsenious acid. It is also decomposed by transmission 
through a red-hot tube. Many metallic solutions are precipitated 
by this substance. When inhaled, it is exceedingly poisonous, 
even in very minute quantity. 

A.SII2 

The dihydride, AsHg, or rather AS2H4 = | , is produced by 

AsHg 

passing an electric current through water, the negative pole being 
lormed of metallic arsenic ; also when potassium or sodium arseii- 

2 u 
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ide is dissolved in water. It is a brown powder, which gives oil* 
hydrogen when heated in a close vessel, and burns when heated in 
the air. It is analogous in coinT)osition to arseiidiinethyl or cacodyJ, 
As2(CH3),. 

Arsknious Oxide, Acid, and Salts. — Arsenioas oxide^ As^O^, 
also called white oxide ofarseytic^ is produced in the manner already 
mentioned. It is commonly met wiih in the form of a heavy, 
white, glassy-looking substance, with sinootli conchoidal fracture, 
which has evidently undergone fusion. Wlien freshly j)re pared it 
is often Iransj^arent, but by keeping beconu;s opaqiu^, at the sa^ 
time slightly diminishing in density, and acquiring a greater 
degree of solubility in water. 100 parts of that liquid dissolve at 
100° about 11*5 parts of the opaque variety: the largest portion 
separates, however, on cooling, leaAdng about 3 jiarts dissolved : the 
solution, which contains arseyiions acid^ feebly reddens litmus. 
Cold water, agitated with powdered arsenious oxide, takes up a 
si ill smaller (juantity. Alkalis dissolve this substance freely, 
forming arsenites; compounds with ammonia, baryta, strontia, 
lime, magnesia, and manganous oxide also have been formed: the 
silver salt is a beautiful lemon-yellow precipitate. The arsenites 
are, however, very unstable. Those v Inch have the composition 
MgAsOg, or 3M2O.AS2O3, are regarded as normal salts; there are 
also arsenites containing M4AS2O5, or 2M20.As,03, and MAsO^, or 
M20 ,As 203, besides acicl sails. Arsenious oxide is easily soluble 
in hot hydrochloric acid. Its vaj)our is colourless and inodorous, 
audit crystallises on solidifying iu brilliant trajis])arent octohe^ 
(Irons. The oxide or acid itself has a feeble sweetish and astringent 
taste, and is a most fearful j)oisoii. 

Arsenic Oxide, Acid, and Salts.— When pow(l(M*ed arsenious 
oxide is dissolved in h(3t liydrochloric acid, and oxidised l)v the 
addition of nitric acid, the latter being added as long as red vapom s 
are produced, the whole then cautiously evaporated to complete 
dryness, and the residue hciited to low redness, arsenic oxide, 
As 20^, remains in the form of a white anhydrous mass which has 
no action upon litmus. When strongly heated, it is restdved into 
arsenious oxide and free oxygen. In water it dissolves slowly but 
completely, giving a highly acid solution, which, on Ixiing eva- 
porated to a syrupy consistence, deposits, after a time, hyclrated 
crystals of arsenic acid, containing 2H3As04.n20, or 3H26.As20r, 

aq. These crystals, when heated to 100°, give off their water of 
crystallisation and leave trihijdric arsenate^ HgAsO^, or 3H2O. 
AS2O5; at 140°-160° dihifdric arsenate^ H4As20j^, or 2HoO. As20^^, is 
left ; and at 260°, monohydric arseyiate, HAsOg, or H20.As20^,. The 
ariueous solutions of the three liydrates and of the anhydrous 
oxide exhibit exactly the same cliaracters, and all contain trihydric 
arsenate, the other hydrates being immediately converted into 
that compound when dissolved in w'ater; in this respect the 
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liydrates of arsenic oxide differ essentially from those of i)liosj)horie 
oxide (p. 225 ). 

Arsenic acid is a very powerful acid, forijiing salts isoniorphous 
with the corresponding phosphate : it is also trilmsic. A sodium 
arsenaUj Na,HAs04.12H20, undistinguishahle in ai^pearance from 
common sodium phosphate, may be j)repared l>y adding the car- 
bonate to a solution of arsenic acid, until an alkaline reaction is 
apparent, and then evaporating. This salt also crystallises with 
7 molecules of water. Another a7\sen ate, Na3As04. 1211 ^ 0 , is pro- 
l^uced wlu*n sodium carbonate in excess is iused with arsenic acid, 
or when the ju'eceding salt is mixed witli caustic soda. A thiixl, 
NaH2As0^.1l20, is made by substituting an excess of arsenic acid 
for the solution of alkali. The alkaline arsenates which contain 
basic Avater lose the latter at a red heat, but, unlike the jJiosphales, 
recover it when again dissolved. Tlie arsenates of the alkalis 
are soluble in water: those of the earths and other metallic oxides 
are insoluble, l)Ut aie dissolved by acids. Tlie precipitate with 
silver nitrate is highly characteristic of arsenic acid : it is reddish- 
brijw'ji. 

SuiiPiiTDES. — Two sulphides of arsenic, are known. The disul- 
phide, AS2S2, occurs native as Ilealijar. It is formed artiticially by 
heating arsenic acid with the ])roper pro])ortion of sulpliur. It is 
an orange-red, fusible, and volatile substance, employed in paint- 
ing, and by the pyrotechnist in white fire. The trisiUphide 

or arsenious sulphide, AS2S.J, also occurs native as Orpiment, and is 
prej)ared artificially by fusing arsenic with the appro[)riate <|uan- 
tity of sulphur, or by precipitating a solution of arsenious acid w ith 
hydrogen sulphide. It is a golden-yellow, crystalline substance, 
fusible, and volatile by heat. A cold solution of arsenic acid is 
not immediately j)recipitated by hydrogen sulihidc, but after some 
hours the solution, saturated with hydrogen sulphide, yields a 
light yellow deposit of sulphur, the arsenic acid being reduced to 
arsenious luid, which is then gradually converted into lemon-yellow 
arsenious sulphide. In b<nling solutions the luecipitation takes 
place immediately. The mixture of sulphur and trisulpliide thus 
produced, w^as formerly regarded as a peiitasulphide corresponding 
to arsenic acid. 

The disulphide and trisul])hide of arsenic are sulphur-acids, 
uniting wdth other metallic sulphides to form sulphur-salts. Thosi^ 
of the disulpliide are called hy posulpharseiiites ; they are but 
little known. The salts of arsenious susjdiide are called sulphar- 
senites. Their comj)osilion may be represented by that of the 
potassium salts, viz., K AsSg, or K2S.AS2S3 ; K4AS2SP, or 
2K3S.AS2S, ; and KgAsSg, or 3K2S.AS2S3. Of these the bibasic 
salts are the most common. The sulidiursenites of the alkali- 
metals and alkaline earth-metals are soluble in w^ater, and may be 
prepai'ed by digesting arsenious sulphide in the solutions of the 
corresponding hydrates or sulphydrates ; the rest are insoluble 
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and are obtained by precipitation. Sulphur-salts, called sulph ar- 
senates, corresponding in composition to the arsenates, are pro- 
duced, in like manner, by digesting the mixture of sulphur and 
arsenious sulphide precipitated, as above mentioned, from arsenic 
acid, in solutions of alkaline hydrates or sulphydrates; also by 
passing gaseous hydrogen sulphide through solutions of arsenates. 
There are three sulphai senates of potassium, containing KAsS,, 
or KoS.AsgS;^ ; K^As^S^, or 2lvoS. AsoS^ ; and K3ASS4, or 
SKgS. AS2S5. The siupharsenates of the alkali-metals and alkaline 
earth-metius are soluble in water; the rest are insoluble and ai^; 
obtained by precipitation. 

Arsenious acid is distinguished by characters which cannot be 
misunderstood. 

Silver nitrate^ mixed wdth a solution of arsenious acid in water, 
occasions no precipitate, or merely a faint cloud : but if a little 
fixed alkali, or a drop of ammonia, be added, a yellow prec ipitate of 
silver arsenite immediately falls. The precipitate is excet^hgty 
soluble in excels of ammonia ; that substance must, therefore, be 
added with great caution ; it is likewise very soluble in nitric 
acid. 

Cupric sulphate gives no precipitate with solution of arsenious 
acid, until the addition has been made of a little alkali, when a 
brilliant yellow-green precipitate (Scheele's green) falls, which 
also is very soluble in excess of ammonia. 

Hydrogen sulphide passed into a solution of arsenious acid, to 
which a few drops ot hydrochloric or sulphuric acid have been 
added, occasions the production of a copious bright yellow precipi- 
tate of orpiment, which is dissolved with facility by ammonia, 
and reprecipitated by acids. 

Solid arsenious oxide, heated by the blowpipe in a narrow glass 
tube with small fragments of dry charcoal, aft'ords a sublimate of 
metallic arsenic in the shape of a brilliant steel-grey metallic ring. 
A portion of this, detached by the point of a knife, and heated in 
a second glass tube, with access of air, yields, in its turn, a subli- 
mate of colourless, transparent, octohedral crystals of arsenious 
oxide. 

All these experiments, which jointly give demonstrative j^roof 
of the presence of the substance in question, may be performed 
with perfect precision and certainty upon exceedingly small quanti- 
ties of material. 

The detection of arsenious acid in complex mixtures, containing 
organic matter and common salt, as beer, gruel, soup, &c., or 
the fluid contents of the stomach in cases of poisoning, is a far 
more difficult problem, but one which is, rmfortunately, often 
required to be solved. These oiganic matters interfere completely 
vnth the liquid tests, and render their indications worthless. 
Sometimes the difficulty may be eluded by a diligent search in 



ARSENIC. 


485 


the suspected liquid, and in the vessel containing it, for frag- 
ments or powder of solid arsenious oxide, which, from its small 
degree of solubility, often escape solution, and from the high 
density of the substance, may be f and at the bottom pig. 145 . 
of the vessels in which the fluids are contained. If 
anything of the kind be found, it may be washed 
by decantation with a little cold water, dried, and 
then reduced with charcoal. For the latter pur- 
pose, a small glass tube is taken, having the figure 
represented in the margin ; white German glass, 
free from lead, is to be preferred. The arsenious 
oxide, or what is suspected to be such, is dropped to 
the bottom, and covered with splinters or little frag- 
ments of charcoal, the tube being filled to the 
shoulder. The whole is gently heated, to expel any 
moisture that may be present in the charcoal, and 
the deposited water wiped from the interior of the tube 
with bibulous paper. The narrow part of the tube 
containing the charcoal, from a to ft, is now heated by 
the blowpipe flame ; when red-hot, the tube is in- 
clined, so that the bottom also may become heated. 

The arsenious oxide, if present, is vaporised, and 
reduced by the charcoal, and a ring of metallic arsenic deposited 
on the cool part of the tube. To complete the experiment, the 
tube may be melted at a by the point of the flame, drawn oft*, 
and closed, and the arsenic oxidised to arsenious oxide, by 
chasing it up and down by the heat of a small spirit-lamp. A 
little water may afterwards be introduced, and boiled in the tube, 
by which the arsenious oxide will be dissolved, and to this solu- 
tion the tests of silver nitrate and ammonia, copper sulphate 
and ammonia, and hydrogen sulphide, may be applied. 

When the search for solid arsenious oxide fails, the liquid itself 
must be examined ; a tolerably limpid solution must be obtained, 
from which the arsenic may be precipitated by hydrogen sulj)liide, 
and the orpiment collected, and reduced to the metallic state. It 
is in the first part of this operation that the chief difficulty is 
found : such organic mixtures refuse to filter, or filter so slowly 
as to render some method of acceleration indispensable.* Boiling 
with a little caustic potash or acetic acid will sometimes effect tliis 
object. The following is an outline of a plan which has been 
found successful in a variety of cases in which a very small 
quantity of arsenious acid had been purposely added to an organic 
mixture : — Oil of vitriol, itself perfectly free from arsenic, is mixed 
with the suspected ]i([ui(l, in the proportion of about a measured 
ounce to a pint, having been previously diluted with a little water, 
and the whole is boiled in a fliisk for half an hour, or until a com- 
plete separation of solid and liquid matter becomes manifest. 
* Respecting the separation of the arseniouh acid by dialysis, see page 140. 
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The acid converts any starch that nmv be present into <iextrin ami 
sujoiar : it completely coagulates alhuniinous substances, and e^isein, 
in the ease of milk, anti brini>s the whole in a very short time into 
a state in which filtration is both easy an<l rapid. Through the 
filtered solution, when cold, a cuiTent of hydn>^^en suljdiido is 
tl’ansmitted, and the liquid warmed, to fu-flitate the <lej>osition 
of the arseuious sulphide, which falls iu combination willi a lar^e 
quantity of or^^anic matter, which oftt*n rnuununicatc>i to it a cUti y 
colour. This is collecte<l upon a small filter, and washed. It is 
next trinsferred to a capsule, and heated with a mixtnn* of iiitri(* 
and hydrochloric acids, by whicdi the organic inipuriti(*s are in 
j^real measure destroyed, and the arsenic oxidis(*d to arsenic acid. 
The solution is evaporated to dr^mess, the soluble jmrt taken Xij* 
by dilute hydrochloric aci<l, ai\<l then the solution saturated with 
sulphurous acid, wdiercd^y the arsenic acid is re<luced to the state 
of arseuious acid, the sulphurous beinjj; oxhlised to sulphuiic acid. 
The solution of arseuious acid may now be precipitated by hydro- 
f^en sulphide without any difficulty. The liquid is warmed, and 
the precipitate w ashed by decantation, and dried. It is then mixed 
writn black JluXy and heated in a small "lass tube, similar to that 
already described, with similar precautions ; a riii" of reduced 
arsenic is obtained, w'hich may be oxidised to arseuious oxide, 
and further examined. The black flux is a mixture of potassium 
carbonate and charcoal, obtained by calciniu" cream of tartar in 
a close ciTicible ; the alkali transforms the sulphide into arsenions 
acid, the charcoal subsequently elfecting the deoxidation. A mix- 
ture of anhydrous sodium carbonate arul char(a)al may be substi- 
tuted with advantage for the common black-llux, as it is less 
hygroscopic. 

Other methods of proceeding, different in princiide from the 
foregoing, have been ])roi)Osed, as that of the late Mr. IMarsh, 
wffiich is exceedingly delicate. The suspected liquid is acidulated 
with sulphuric acid, and placed in contact wilh metallic zinc; 
the hydrogen reduces the arseuious acid and combines wdth the 
arsenic, if any be present. The gas is burned at a jet, and a piece 
of glass or porcelain held in the flame, when any admixture of 
ai'senetted hydrogen is at once known by the production of a bril- 
liant black metallic spot of reduced arsenic on the porcelain ; or 
the gas is passed through a glass tube heated at one or two places 
to redness, whereby the arseuetted hydrogen is decomposed, a ring 
of metallic arsenic appearing l>ehind the heated j)()rtion of the 
tube. 

It has been observed (page 47(i) that antimonelted hydrogen 
gives a similar result. In order to distinguish the two substances, 
the gas may he passed into a solution of silver nitrate. Both gases 
give rise to a black precipitate, which, in the case of antimonetted 
hydrogen, consists of silver antimonide, Ag^Sb, w hilst in the case 
oi* arsenetled hydrogen, it ft pure silver, the arsenic being then 
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converted into arsenious acid, which combines with a portion of 
silver oxide. The silver arsenite remains dissolved in the nitric 
acid which is liberated by the precipitation of 
the silver, and may be thrown down with its 
c.haracteristic yellow colour by adding ammo- 
nia to the liquid filtered off from the black 
]irecipitate. The black silver antiinonide, 
wlien carefully vraslied, and subseciuently 
boibnl with a solution of tartaric acid, yields 
a solution containing antimony only, from 
which hvdrogen sulphide separates the charac- 
teristic orange-yellow precipitate of anti- 
monious sulphide. 

A convenient form of ^larsh’s instrument is 
that slunvn in lig. 14(i : it consists of a bent 
tube, having two bulbs blown upon it, fitted 
with a st(q>-c*ock and narrow jet. Slips of zinc 
are ]mt into the lower bulb, which is afterwards 
tilled with the li([uid to be examined. On re- 
placing the sloj)-coc*k, closed, llie gas collects and forces the liquid 
into tb<* iipp(*r bn lb, wliicli then acts by its hydrostatic pressure, 
an<l expels the gas through llie jet so soon as the stop-cock is 
ojumed. It must be borne in mind that both common zinc and 
sulplinric a(*id often contain trai^es of arsenic. Professor Bloxam* 
has pro]K)se(l an inij)ortant moditi(*ation of Marsh’s process for the 
tictection of arsenic and antimony in organic substances, which is 
based on tlie l)ehuvionr of solutions of these metals under the 
inlluonce of the electric current. Antimony is deposited in the 
metallic state, without any disengagement of antimonetted hydro- 
gen, while* arsenic is cwolved as arsenetted hydrogen, which may 
be recognised by the characters already indicated. 

A slij) of oo]>]ier-foil boiled in tlie poisoned liquid, previously 
acidulated with hydrochloric acid, withdraws the arsenic, and be- 
(‘oines covered with a white alloy. By healing the metal in a 
glass tube, the arsenic is expelled, and oxidised to arsenious acid. 
This is called Reiiiscli’s test. 


BISMUTH. 

Atomic weight, 210 ; .synjhol, Bi. 

Bismuth is found chiefly in the metallic vstate, disseminated 
through various rocks, from which it is separated by simple ex- 
posure to beat. The metal is highly crystalline and veiy brittle : 
it has a re<ldish-white colour, and a density of 9’9. Crystals of 
great beauty may be obtained by slowly cooling a considerable* 

* Journal of the Chemical Society, xiii. 333. 


Fiff. 14fi. 
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mass of this substance until solidification has commenced, then 
piercing the crust, and pouring out the fluid residue. Bismuth 
melts at about 260 ^^, and volatilises at a high temperature. It is 
remarkable as being the most diamagnetic of all known bodies. 
It is little oxidised by the air, but bums with a bluish flame 
when strongly heated. Nitric acid somewhat diluted dissolves it 
freely. 

Bismuth forms three classes of compounds, in which it is bi-, 
tri-, and quinquivalent respectively. The tri-compounds are the 
most stable and the most numerous. The only known compounds 
in which bismuth is quinquivalent are indeed the peiitoxide, Bi205, 
together with the corresponding acid and metallic salts. Never- 
theless, bismuth is regarded as a pfentad, on account of the ana- 
logy of its compounds with those of antimony. Several bismutlj 
compounds are known in which the metal is apparently bivalent, 
but really trivalent, as ; 


Bi2Cl4, or 


BiCL 

I 

BiClg 




or 


Bi =:0 

, &c. 
Bi =0 


Chlorides. — The trichloride or Bisinuihous chloride is formed 
when bismuth is heated in a current of chlorine gas, and passes 
over as a white, easily fusible substance, which rea^lily attracts 
moisture from the air, and is converted into a crystallised 
hydrate. The same substance is produced when bismuth is dis- 
solved in nitromuriaiic acid, and the solution evaporated. Bis- 
muthous chloride dissolves in water containing hydrochloric acid, 
but is decomposed by pure water, yielding a white precipitate of 
oxychloride ; 

BiClg + HgO = BiClO -f 2 HC 1 . 

The dichloride^ Bi2Cl4, produced by heating the trichloride witli 
metallic bismuth, is a brown, crystalline, easily fusible mass, 
decomposed by water. At a high temperature it is resolved int<; 
the trichloride and metallic bismuth. 


Oxides. — The trioxide^ or Bismuthous oxide, is a straw-yellow 
powder, obtained by gently igniting the neutral or basic nitrate. 
It is fusible ac a high temperature, and in that state acts towards 
siliceous matter as a powerful flux. 

The hydrate, Bi'^'HOg, or Bi203.H20, is obtained as a white pre- 
cipitate when a solution of the nitrate is decomposed by an alkali. 
Both the hydrate and the anhydrous oxide dissolve in the stronger 
acids, forming the bismuthous salts, which have the composition 
Bi'"R3, where R denotes an acid radical, e.g., Bi'^'Clg, Bi"^'(N03)3, 
Bi'"2fS04)3. Many of these salts crystallise well, but cannot exist 
in solution unless an excess of acid is present. On diluting the 
solutions with water, a basic salt is precipitated, and an acid salt 
remains in solution. 
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The normal nitrate, Bi'"(N03)3.5H20, or Bi203.3N205. lOHgO, 
forms large transparent colourless crystals, which are decomposed 
by water in the manner just menti<>ned, yielding an acid solution 
containing a little bismuth, and a brilliant white crystalline 
powder, which varies to a certain extent in composition according 
to the temperature and the quantity of water emj>loyed, but fre- 
quently consists of a basic nitrate, Bi^Og . N . SHgO, or Bi"'(N 03)3 . 
BigOg.SHgO. A solution of bismuth nitrate, free from any great 
excess of acid, poured into a large quantity of cold water, yielas an 
insoluble basic nitrate, very similar in appearance to the above, 
but containing rather a large proportion of bismuth oxide. This 
basic nitrate was once extensively employed as a cosmetic, but it 
is said to injure the skin, rendering it yellow and leather-like. It 
is used in medicine. 

Bismuth pentoxide, or Bismuthic oxide , — When bismuth trioxide 
is suspended in a strong solution of potash, and chlorine passed 
through the liquid, decomposition of water ensues, hydrochloric 
acid being formed, and the trioxide being converted into the pent- 
oxide. To separate any trioxide that may have escaped oxidation, 
the powder is treated with dilute nitric acid, when the bismuthic 
oxide is left as a reddish powder, which is insoluble in W’ater. 
This substance combines with bases, but the compounds are not 
very well knpwn. According to Ari)pe, there is an acid potassium 

bismuthate containing Bi2KHOe, or 2Bi203. / h!o- The pent- 

oxide when heated loses oxygen, an intermediate oxide, Bi204, 
being foimed, which may be considered as bismuthoiis bismuthate^ 
2Bi204 = Bi203.Bi203. 

Bismuth is sutllciently characterised by the decomposition of 
the nitrate and chloride by water, and by the black precipitate 
of bismuth sulphide, insoluble in ammonium-sulphide, which its 
solutions yield when exposed to the action of hydrogen sulphide. 

A mixture of 8 parts of bismuth, 5 parts of lead, and 3 of tin, 
is known under the name of fusible metal, and is employed in 
taking impressions from dies and for other purposes: it melts 
below lOCr- 

Bismuth is used, in conjunction with antimony, in the construc- 
tion of thermo-electric piles, these two metals forming the o]>- 
I)osite extremes of the thermo-electric series. 


VANADIUM. 

Atomic weight, 51*2; symbol, V. 

Vanadium is found, in small quantity, in some iron ores, also as 
vanadate of lead. It has likewise been discovered in the iron slag 
of Staffordshire, and recently, by Roscoe,* in larger quantity in tlie 
♦ Proceedings of the Royal Society, xvi. 223. 
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ropi^icr-fycarinff hcih nt AMerley Eilge and Mottraiu St. Andrews, 
in (.Cheshire. Afetallie vanadiinu is obtained by pvolongetl ignition 
of the dichloride in pure dry hydrogen, as a greyish wliite pow<ler, 
appearing ninler the iuit‘roseoj»e as a crystalline mass, with a stroim 
silver-while lustre. It is non-volatile, deconij)oses water at 100 , 
does not tarnish in the air, burns with brilliant scintillations when 
thrown into a tlanie; hums vividly when (piickly heated in oxygen, 
forming the pentoxide; is insoluble in hydrochloric acid; dissolves 
slowly in hydrofluoric acid with evolution of hydrogen, rapidly 
in nitric acid, forming a blue solution. In a currcuit of chlorine it 
takes fire, and is converted into the tetrachloride. 

Vanadium was, till lately, regarde<l as a liexad metid, analogous 
to tungsten and luolylMlenum ; but Roscoe has shown that it is a 
pentail, belonging to the phosphorus ami arsenic group. This 
conclusion is based upon the composition of the oxides ami oxy- 
chlorides ; and on the isomorphism of the vanadates with the 
phosphates. 

Vanadium Oxides.— Vanadium forms five oxides, represeiitc'd 
hy the formulie, V^O, V.^Og, V 2 O 3 , V^O.^, V^O,-, analogous, there- 
fore, to the oxiiles of nitrogen. 

The monoxide^ V^O, is formed hy prolonged exposure of metallic 
vanadium to the air at ordinary temperatures, more (piickly at a 
dull red heat. It is a brown substance, which, when healed in 
the air, is gradually converted into the higher oxides. 

The dioxide, V 2 O 2 , wliich was regarded by Berzelius as metallic 
vanadium, is obtained hy reducing either of the higlier oxides with 
potassium, or by passing the vapour of vanadium oxytrichloride, 
(VOCI3), mixed with excess of hydrogen, through a comhustioii- 
tuhe containing red-hot charcoal. As obtained by the second 
process, it forms a light-grey glittering powder, or a metallically 
lustrous crystalline crust, having a specific gravity of 3*64, brittle, 
very difficult to fuse, and a conductor of electricity. When heated 
to redness in the air, it takes fire and hums to black oxide. It is 
insoluble in sulphuric, liydrochloric, and hydrofluoric acid, hut 
ilissolves easily in nitromuriatic acid, fonning a dark-blue liquid. 

The dioxide may he prepared in solution by the action of nascent 
hydrogen (evolved by metallic zinc, cadmium, or sodium-amalgam), 
on a solution of vanadic acid in sulphuric acid. Aft.er j>assing 
through all sliades of blue and green, the liquid acquires a per- 
manent lavender tint, and then contains the vanadium in solution 
as dioxide, or as hypovanadious salt. This compound absorbs 
oxygen more rapidly than any other known agent, and bleaches 
indigo and other vegetable coloiu’s as quickly as chlorine. 

Vanadium dioxide may be regarded as entering into many 
vanadium compounds, as a bivalent radical (just like uranyl in 
the uranic compounds), and may therefore be called vanadyl. 
Vanadium trioxide, V 2 O 3 , or Vanadyl monoxide, 
obtained by igniting the pentoxide in hydrogen tras o^r* o ^ 
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lined with charcoal. It is a hlack powd r, with an almost metallic 
lustre, and infusible ; by pressure it may be united into a coherent 
mass which conducts electricity. When exposed warm to the air, 
it glow\s, absorbs oxygen, and is converted into pentoxide. At 
ordinary temperatures, it slowly absorbs oxygen, and is convertetl 
into tetroxide. By ignition in chlorine gas it is converted into 
vanadyl trichloride and vanadium pentoxide. It is insoluble in 
acids, but may be obtained in solution by the redticing action of 
nascent hydrogen (evolved from metallic magnesium) on a solu- 
tion of vanadic acid in sulphuric acid. 

Vanadious oxirle, Vanailinm tetroxuh^ or Vanadyl dioxide^ — 
(V20jj)0j,. — This f)xide is jn-oduced, either by the oxidation of the 
dioxide or trioxide, or by tlie ])artial reduction of the pentoxide. 
By allowing the tric^xide to ahsorh oxygen at ordinary tempera- 
tures, the tetroxide is obtained in blue sinning crystals. It 
dissolves in acids, the more easily in ])ro])ortion as it has been less 
strongly ignited, funning solutions of vanadious salts, wdiich 
have a bright blue colour. The same solutions are produced by 
the action (^‘ moderate reducing agents, sucdi as sulphurous, siilph- 
ydric, or oxalic acid, ii]>on vanadic acid in solution; also by 
])assing air tbrougb acid solutions of the dioxide till a ])ermanent 
blue colour is attnined. AVitli the hydmfea and 'norwnl carbonates 
ofthe fixxd alk(Ul% they form a grey isli- white precipitate of hydrated 
vana(lious oxide, which dissolves in a im)derate excess of tlie 
reagent, Imt is re]>re(u’])itate(l l)y a large excess in the form of a 
vanadite of the alkali-metal. 

Ammonia in excess produces a brown piccipilate, solidde in pure 
water, but insoluble in water containing ammonia . — Ammonium 
sulphide forms a Idack-brown precipitate, soluble in excess. — 
Tincture of yalls forms a finely divided Idack preeijntate, which 
gives to the liquid the appearance of ink. 

Vanadium tetroxide also unites with the more bavsic metallic 
oxides, forming salts called vanadites, all (d‘ which are insoluble, 
except those of the alkali-metals. The solutions of the alkaline 
vanadites are brown, hnt when treated with hydrogen sidphide^ 
they acujuire a splendid red -purple colour, arising from tlie forma- 
tion of a sulphur-salt . — Acids colour them Idne, hv forming a 
double vanadious salt; tincture of galls colours them blackisli-blue. 
The insoluble vanadites, when moistened or covered with water, 
become given, and are converted into vanadates. 

Vanadium pentoxide^ Vanadic oxide^ or Vanadyl trioxide, 

— This is the higliest oxide of vanadium. It may be 
prepared from native lead vanadate. This mineral is dissolved in 
nitric acid, and the lead and arsenic are precipitated by hydrogen 
sulphide, which at the same time reduces the Vtxnadium pentoxide 
to tetroxide. The bine filtered solution is then evaporated to 
dryness, and the residue digested in ammonia, which dissolves out 
the vanadic oxide reproduced during evaporation. In this solution 
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a lump of sal-ammoniac is put ; as that salt dissolves, ammonium 
vanadate subsides as a white powder, being scarcely soluble in a 
saturated solution of ammonium chloride. By exposure to a 
temperature below redness in an open crucible, the ammonia is 
expelled, and vanadic oxide left. By a similar process, Roscoe 
has prepared vanadic oxide from a lime i)recipitate containing 
2 per cent, of vanadiimi, obtained in working up a poor cobalt ore 
from Mottram in Cheshire. 

Vanadium pentoxide has a reddish-3"ellow colour, and dissolves 
in 1000 parts of water, forming a light yellow solution. It dis- 
solves also in stronger acids, forming red or yellow solutions, 
some of which yield crystalline compounds (vanadic salts) hy 
spontaneous evaporation. It unites, however, with bases more 
readily than with acids, forming salts called vanadates. A 7 hen 
fused with alkaline carbonates, it eliminates 3 molecules of carbon 
dioxide, forming orthovariadates analogous to the orthoj)hosphates ; 
thus : 

3(Na20.C02) + V 2 O. = 3Na20.Y205 + 3 CO 2 . 

It also forms metavanadates and pyrovanadates anald^ous to the 
meta- and pyro-phosphates, and two series of acid vanadates or an- 
hydrovanadates^ viz. ; * 

, Lead orthovaiiadate . Bb''3(V04)2 or SPb^'O.VgOg 

Barium pyro vanadate. Ba^^VoO^ or 2Ba'''0.V205 

Strontium metavanadate Sr"( ¥1)3)2 or Sr'^O.VoO^ 

Strontium divanadate Sr"(V03)2. V2O5 or Sr"0.2V20r, 

Strontium tri vanadate Sr"(V03y2.2V205 or Sr^O.SVgO^. 

Lead meta vanadate occurs native as dechenite; the orthovana- 
date also, combined with lead chloride, as vanadinite or vanadite^ 
PbCl2.3Pb3(V04)2, the mineral in which vanadium was first dis- 
covered. Descloizite is a diplumbic vanadate, Pljg^'^VgO^, or 
2Pb0.V205, analogous in composition to a pyrophosphate. 

The metavanadates are mostly yellow ; some of them, however, 
especially those of the alkaline earth-metals, and of zinc, cadmium, 
and lead, are converted by warming — either in the solid state, or 
under water, or in aqueous solution, especially in presence of a 
free alkali or alkaline carbonate — into isomeric colourless salts. 
The same transfonnation takes place also, though more slowly, at 
ordinary tenrneratures. The metavauadates of alkali-metal 
colourless. The acid vanadates are yellow, or yellowish-red, both 
in the solid state and in solution : hence the solution of a neutral 
vanadate becomes yellowish-red on addition of an acid. The 
metavanadates of ammonium, the alkali-metals, barium, and lead, 
are but sparingly soluble in water ; the other metavanadates are 
more soluble. The alkaline vanadates are more soluble in pure 
water than in water containing free alkali or salt ; hence they are 
precipitated from their solutions by addition of alkali in excess, 
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or of salts. The vanadates are insoluble in alcohol. The aqueous 
solutions of vanadates form yellow precipitates with antimony^ 
copper^ leadj and mercury salts ; with tincture of galls^ they l^orm 
a deep black liquid, which has l)een oposed for use as vanadium 
ink. 

Hydrogen sulphide reduces them to vanadites, changing the 
colour from red or yellow to blue, and forming a j)recipitate of 
sulphur. Ammonium sulphide colours the solutions brown-rcfl, 
and, on adding an acid, a light brown precipitate is formed con- 
sisting of vanadic sulphide mixed with sulphur, the liquid at the 
same time turning blue. Hydrochloric acid decomposes the vana- 
dates, with evolution of chlorine and formation of vanadium 
tetroxide. 

Vanadium Chlorides. — Three of these compounds have been 
obtained, viz. : VClg, VCI3, and VCI4. 

The tetrachloride^ VCI 4 , is formed when metallic vanadium or the 
mononilride is heated in a current of chlorine, or when the vapour 
of the oxyiri chloride, VOCI3, mixed with chlorine, is passed several 
times over red-hot charcoal, if is a dark yellowish-brown licjuid, 
having a specific gravity of 1*8384 at 0"^, boiling at 154°, not solidi 
fying at 18®. Its vapour-density referred to hydrogen is 96*6, 

which is half the molecular weight, . y show- 

iug that the molecule VCI4 exhibits the normal condensation to 
2 volumes of vai)our. The tetrachloride is quickly decomposed by 
water, forming a blue solution of vanadious aiud. It does not 
take up bromine or an additional quantity of chlorine when heated 
therewith in sealed tubes : hence it appears that vanadium does 
not readily form pentad compounds with the monatomic chlorous 
elements. 

The trichloride^ VCI3, obtained by decomposition of the tetra- 
chloride, slowly at ordinary temperatures, quickly at the boiling 
heat, crystallises in peach-blossom-coloured shining plates resem- 
bling chromic chloride. It is slowly decomposed by u^ater, forming 
a green solution of hypovanadic acid. 

The dichloride, VCI 2 , obtained by passing the vapour of the 
tetrachloride mixed with hydrogen through a red-hot tube, cryv*^- 
tallises in green micaceous plates, which are decomposed by water, 
forming a violet solution of hypovanadious acid. 

Vanadium: Oxychuoiiideb, or Vanadyl Chi.orides. — ^Eour of 
these compounds are known, viz., VOCL, VOCI 9 , VOCl, and 
V2O2CI. 

The oxytrichloridcy YO"Cl^j (formerly regarded as vanadium tri- 
chloride), is prepared : 

( 1 ) By the action of chlorine on the trioxide : 

3 V 2 O 3 + Cl,; == V 2 O 5 + 4 VOCI 3 . 

( 2 ) By burning the dioxide in chlorine gas, or by passing that 
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gas over on ignited mixture of llie trioxide, ictroxide, or pentoxide, 
mul, condensing the vapours in a cooled U-lube. 

Vanadium oxytricliloride, or vanadyl tricliloride, is a golden- 
yellow lupiid, of specitic gravit}^ 1*841 at Boiling-point, 

127°. Vapour-density, by experiiuenl, ; by calculalioii, (>*119. 
When exposed to the air, it emits cinnaljar-coloured vapours, 
being resolved by the moisture of the air into hydrochloric and 
vanadic acids. It oxidizes magnesium and sodium. Us vapour, 
piissed over j^erfectly pure carbon at a red heat, yields carl>on di- 
oxide ; and when j)assed, together with hydrogen, through a red-hot 
iuhe, yields vnimdium irioxkle. These reactions show that the 
compound coiitaijis oxygen. 

The o1 her i)xvclili Hides of vanadium are solid boilies (drained 
by partial reiliudion ot the oxytricliloride with zinc or hy^Irogen. 

The trU>roniidi\ VBr.^, and the n.njliromidrs^ VOHr^, and VOBr.^, 
have also been obtaiuecl. The first is a greyish- black amorplious 
s<did; the second a dark-red liquid; the third a yellowish-brown 
deliquescent solid. 

Vanadium Sulv^hides. — Two’fcf these compounds are known, 
analogous to the tetroxide and jientoxitle; both are sulphur-acids. 
The tdm.su/ydi or Vanadious tndphidcj V.^S^, is a black substance 
formed by liealing the tetroxide to ftdness in a stream of hydrogen 
sulphide ; also as a hydrate by dissolving a vanadious salt in ex- 
cess of an alkaline moiiosulpliide, and jwecipitating vitliliydro- 
cbloric acid. The pcu/usu/pAzdc, or Vanadic sulphide^ VjjS-, is 
f(3iTned in like manner by precipitation from an alkaline vandate. 

Vanadium Nitrides. — The 7rtono7n(7dde, VN, is formed by 
heating the comtiound of \'anadium oxytricliloride udth ammonium 
chloride to whiteness in a current of ammonia gas. Jt is a greenish- 
white j)o\vder unalterable in the air. The dinitride, VN^^, or V.^N^, 
is obtained liy exjiosing the same double salt in ammonia gas to 
a moderate heat. It is a black 2 »owder strongly acted u])on by 
nitric acid. 

All vanadium compounds heated Avith borax or phosphorus-salt 
in the outer blow-juj^e flame jiroduce a clear head, wliicli is colour- 
less if the quantity of vanadium is small, yellow wdieii it is large ; 
in the inner flame the bead ac<[iiires a beautiful green colour. 

Vanadic and chromic acids are the only acids whose solutions 
are red ; they are distinguislied from one anotlier hy the vanadic 
acid becoming blue, and the clu*omic acid green, by deoxidation. 

When a solution of vanadic acid, or an acidulated s< 3 lution of 
an alkaline vanadate, is shaken up with ether containing hydrogen 
dioxide, the aqueous solution ac(][uires a red colour, like that of 
ferric acetate, while the ether remains colourless. This reaction 
will serve to delect the j)resence of 1 part of vanadic acid in 40,000 
parts of liquid. The other reactions of vanadium in solution have 
already been described. 
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TANTALUM. 

Atomic weight, 182 ; vmbol, Ta. 

This metal was discovered, in 1803, by Ekeber{ 2 f, in two Swedish 
minerals, tantalite and yttrotantalite. A very similar metal, colum- 
hium^ had been discovered in the preceding y(^ai‘ by Hatcliett, in 
coliimbite from Massachusetts; and Wollaston, in 1807, on com- 
paring the compounds of these metals, conclud(*d that tliey were 
identical, an opinion whicli was for many years received as correct ; 
but their separate identity has been comjiletely established by the 
researches of H. Rose (commenced in 1840), who gave to the metal 
from the American and bavarian coluiubites, tlie name Niohiuy/i, 
by whb h ii is now universally known. More recently, Marignac 
has shown that nearly all tantalites and columintes contain both 
tantalum and niobium (or coliimbium), some taiitalates, from 
Kimito, in Finland, beings howevtn*, free from niobium, and some 
of the Greenland coluiubites containing only the latter metal un- 
mixed with tantalum. In aU these minerals tantalum exists 
as a tan tal ate of iron and manganese ; yttrotantalite is essentially 
a tantalate of yttrium, containing also uranium, calcium, iron, 
and other metals. Tantalum is also contained in some varieties 
of wolfram. 

Metallic tantalum is obtained by heating the lluotanlalate of 
]K)lassium or sodinm with metallic sodiiun in a well-covered iron 
crucible, and washing out the .soluble salts with water. It is a 
black j)owder, which, when heateil in the air, burns with a bright 
light, and is converted, though with dilliculty, into tantalic oxide. 
It is not attacke<l by sulphuric, hydrochloric, nitric, or even nitro- 
muriatic acid. It dissolves slowly in warm a(juet)ns hydrofluoric 
acid, witli evolution of hydrogen, and very ra}udly in a mixture 
of liydrofluoric and nitric acids. 

Tantalum, in its ])riiicij)al compounds, is quinquivalent, llie 
formula of tantalic chloride being TaOlr,, that of tantalic lluoride, 
TaFr,, and that of tantalic oxide (which, in combinatioii with 
bases, forms the tantalates), Ta^O^. There is also a taiitiilous 
oxide, said to have the comj»osilioii TaO.^, and a corresponding 
sul})hide, TaSg. 

Tantalic Chloride. — TaCl^ is obtained, as a yellow subli- 
mate, by igniting an intimate mixture of tantalic oxide and cliar- 
coal in a stream of ch](niiie gas. It begins to volatilize at 144^, 
and melts to a yellow liquid at 221®. The vapour-density between 
350® and 440® has been found by Deville and Troost to be 12'42 
referred to air, or 178*9 referred to liydrogen : by calculation, 
for the normal condensation to two volumes, it is 179*75. Tantalic 
chloride is decoiniiosed by water, yielding hydrochloric and tan- 
talic acids; hut the decomposition is not complete even at the 
boiling heat. 
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Tantalic Fluoride, TaF^, is obtained in solution by treating 
tantalic hydrate with aqueous hydrofluoric acid. The solution, 
mixed with alkaline fluorides, forms soluble crystallisable salts, 
called tantalofluorides, or fluotantalates. The potassium 
salt, TaK^^Fy or TaFg.2KF, crystallises in monoclinic prisms, iso- 
morphous" with the corresponding fluoniobate. 

Tantalic Oxide, TagO^, is produced when tantalum burns in 
the air, also by the action of water on tantalic chloride, and 
may be sejiarated as a hy<lrate from the taiitalates by the action 
of acids. It may be prepared from tantalite, which is a tantalate 
r>f iron and manganese, by fusing the finely pulverised mineral 
with twice its weight of potassium hydrate, digesting the fused 
mass in hot water, and supersaturating the filtered solution 
with hydrochloric or nitric acid ; hydrated tantalic oxide is then 
precipitated in white flocks, which may be pmified by washing 
with water.* 

Anhydrous tantalic oxide, obtained by igniting the hydrate or 
sulphate, is a white powder, varying in density from 7 022 to 
8*264, according to the temperature to which it has been exposed. 
Heated in ammonia gas it yields tantalum nitride : heated with 
carbon bisulphide, it is converted into tantalum bisulphide. It is 
insoluble in all acids, and can be rendered soluble only by fusion 
with potassium hydrate or carbonate. 

Hydrated Tantalic oxide, or Tantalic acid, obtained by precipi- 
tating an aqueous solution of potassium tantalate with hydrochloric 
acid, is a snow-white bulky powder, which dissolves in hydro- 
chloric and hydrofluoric acids ; when strongly heated, it glows and 
gives off water. 

Tantalic oxide unites with basic metallic oxides, forming the 
tantalates, which are represented by the fonnuloo, MgO.TagOg and 
4 M 20 . 3 Tao 05 , the first including the native tantalates, such as fer- 
rous tantalate, and the second certain easily crystallisable tanta- 
lates of the alkali-metals. The tantalates of the alkali-metals are 
soluble in water, and are formed by fusing tantalic oxide with 
caustic alkalis: those of the earth-metals and heavy metals are in- 
soluble and are formed by precipitation. 

Tantalum dioxide, or Tantalous oxide, TaOg, may be represented 
0~Ta=:0 

by the formula I , in which the metal is still quin- 

0i=iTa=0 

([uivalent. It is produced by exposing tantalic oxide to an intense 
heat in a crucible lined with charcoal. It is a hard dark grey 
substance, which, when heated in the air, is converted into tantalic 
oxide. 

* For more complete methods of i^reparation, see Watts’s Dictionary 
of Chemistry/^ vol. v. p. 665. 
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Hydrochloric^ or sulphuric ucid^ added in excess to a solution of 
alkaUne tantalate, forms a precipitate of tantalic acid, which re- 
dissolves in excess of the hydrochloric, but not of the sulphuric 
ucid. Potassium ferrocyanide^ added to a very slightly acidulated 
solution of an alkaline tantalate, forms a yellow precipitate ; the 
ferricyanidey a white precipitate. lujusion of gaits forms a light 
yellow precipitate, soluble in alkalis. When tantalic chloride is 
dissolved in strong sulphuric acid, and then water and metallic 
zinc are added, a fine blue colour is produced, which does not turn 
brown, but soon disappears. 

Tantalic oxide fused with microcosmic salt in either blow-pipe 
flame forms a clear, colourless glass, which does not turn red on 
addition of a ferrous salt. With borax it also forms a transparent 
glass, which may be I’endered opaque by interrupted blowing, or 
flaming. 


NIOBIUM, or COLUMBIUM. 

Atomic weight, 94 ; symbol, Nb. 

This metal, discovered in 1801 by Hatchett, in American col urn- 
lute, exists likewise, associated with tantalum, in columbites from 
other sources, and in most tantalites; also, associated with 
yttrium, uranium, iron, and small quantities of other metals, in 
Siberian sainarskite, uraiiotantalite, or yttroilmenite ; also in pyro- 
chlore, euxenite, and a variety of pitchblende from Satersdalen in 
Norway. 

The metal, obtained in the same manner as tantalum, is a black 
powder, which oxidises with incandescence when heated in the 
air. It dissolves in hot hydrofluoric acid, with evolution of hydro- 
gen, and, at ordinary temperatures, in a mixture of hydrofluoric 
and nitric acid ; slowly, also, when heated with strong sulphuric 
acid. It is oxidised by fusion with acid potassium sulphate, and 
gradually converted into potassium niobate by fusion with potas- 
sium hydrate or carbonate. 

Niobium is quinquivalent, and forms only one class of com- 
]>ounds, namely, a chloride, NbCl^; oxide, Nb 205 ; oxychloride, 
NbOCla, 

Niobtc Oxide, NbgOg, is formed when the metal burns in the 
air. It is prepared from coliimbite, &c., by fusing the levigated 
mineral in a platinum crucible with 6 or 8 parts of acid potassium 
sulphate, removing soluble salts by boiling the fused mass with 
water, digesting the residue with ammonium sulphide to dissolve 
tin and tungsten, boiling with strong hydrochloric acid to remove 
iron, uranium, and other metals, and finally washing with water. 
Niobic oxide is thus obtained generally mixed with tantalic oxide, 
from which it is separated by means of hydrogen and potassium 
fluoride, HF.KF, which converts the tantalum into sparingly 

2 I 
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soluble potassium tantalofluoricle, 2KF.TaF5, and the niobium into 
easily soluble potassium nioboxylluoride, 2KF.NbOF^.aq. 

Niobic oxide is also produced by decomposing niobic chloride, 
or oxychloride, with water : when pure it has a specific gravity of 
4*4 to 4*5. It is an acid oxide, uniting with basic oxides, and 
forming salts called niobates, some of which occur as natural 
minerals; columbite, for example, being a ferro-manganous 
niobate. The potassium niohates crystallise readily, and in well- 
defined forms. Marignac has obtained the salts 4K20.3Nb205. 
16 aq. crystallising in monoclinic prisms ; SKgO. TNbgOg . 32 aq. in 
pyramidal monoclinic crystals; 3K2O.2NboO5.i3aq. in rhom- 
boidal prisms ; and K20. 3Nb205 . 5 aq. as a pulverulent precipitate, 
by boiling a solution of potassium nioboxynuoride with potassium 
carbonate. The sodium niohates are crystalline powders which 
decompose during washing. There is also a sodium and potassium 
niobate, containing Na2O.3K2O.3Nb2O5.9aq. 


Niobic Chloride, NbCl5, is obtained, together with the oxy- 
chloride, by heating an intimate mixture of niobic oxide and 
charcoal in a stream of chlorine gas. It is yellow, volatile, and 
easily fusible. Its observed vapour-density, according to Deville 
and Troost, is 9*6 refeired to air, or 138*6 referred to hydrogen as 
unity: by calculation for a two- volume condensation, it is 


94 + 5 . 35*5 
2 


135 * 75 . 


The oxychloride^ NbOCl^, is white, volatile, 


but not fusible : its specific gravity, referred to hydrogen, is by 


observation, 114 * 06 ; by calculation, 


94 + 16 4. 3 . 35*5 
— Z - —= 109 * 25 . 


Both these compounds are converted by water into niobic oxide. 

Niobic Oxyfluoride, NbOFg is formed by dissolving niobic 
oxide in hydrofluoric acid. It unites with the fluorides of the 
more basic metals, fomiing salts isomorjdious with the titano- 
fluorides, stannofluorides, and tungstolluorides, 1 atom of oxygen 
in these salts taking the place of 2 atoms of fluorine. Marignac 
has obtained five potassium nioboxyfluorides, all j^erfectly crystal- 
lised, namely : 


2KF.NbOF3.aq., crystallisinj 
3KF.NbOF3 „ 

SK.HF.NbOFg 

5 KF . 3NbOF3 . aq. „ 

4 KF. 3NbOF3 . 2aq. „ 


in monoclinic plates, 

cuboid forms (system unde- 
termined), 
monoclinic needles, 
hexagonal prisms, 
triclinic prisms. 


Potassium niobojluoride, 3 KF. NbF^, separates in shining mono- 
clinic needles from a solution of the first of the nioboxyfluorides 
above mentioned in hydrofluoric acid. Nioboxyfluorides of am- 
monium, sodium, zinc, and copper have also been obtained. 

The isomorphism of these salts with the stannofluorides, titan o- 
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fluorides, and tungstofluorides, shows cleaidy that the existence of 
isomorpLlsm between the corresponding compounds of any two 
elements, must not be taken as a decided proof that those ele- 
ments are of equal atomicity : for in the case now under con- 
sideration, we have isomorphous salts formed by tin and titanium, 
which are tetrads, niobium, which is a pentad, and tungsten, which 
is a hexad. 


The compounds of niobium cannot easily be mistaken for those 
of any other metal except tantalum. The most characteristic re- 
actions of niobates and tantalates with liquid reagents are the 
following : — 


Hydrochloric acid . . 

Ammonium chloride . 


Niobates. 

White precipitate, in- 
soluble in excess. 
Precipitation slow and 
incomplete. 


Red precipitate. 
Bright yellow precipi- 
tate. 

Orange-red precipi- 


Tantalates. 

Wliite precipitate, 
soluble in excess. 

Complete precipi- 
tation as acid 
ammonium tan- 
talate, 

Yellowprecipitate. 

White precipitate. 

iLight yellow pre- 

1 cipitate. 


Potassium ferrocyanide 
„ ferricyanide 

Infusion of galls , . 


Niobic oxide, heated with borax in the outer blow-pipe flame, 
fonns a colourless l)ead, which, if the oxide is in sulficient quantity, 
becomes opaque by interrupted blowing or flaming. In microcos- 
mic salt it dissolves abundantly, forming a colourless bead in the 
outer flame, and in the inner a violet-coloured, or ,if the bead is 
saturated with the oxide, a beautiful blue bead, the colour disiip- 
pearing in the outer flame. 
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CLASS VI-— HEXAD METALS. 

CHROMIUM. 

Atomic weight, 52*2 ; symbol, Cr. 

Chromium is found in the state of oxide, in combination with iron 
oxide, in some abundance in the Shetland Islands, and elsewhere ; 
as lead chromate it constitutes a very beautiful mineral, from 
which it was first obtained. The metal itself is prepared in a half- 
fused condition by mixing the oxide with half its weight of char- 
coal-powder, enclosing the mixture in a crucible lined with 
charcoal, and then subjecting it to the veiy highest heat of a 
powerful furnace. 

Deville has prepared metallic chromium by reducing pure 
chromium sesquioxide, by means of an insufficient quantity of 
charcoal, in a lime crucible. Thus prepared, metallic chromium 
is less fusible than platinum, an<l as hard as corundum. It is 
readily acted upon by dilute hydrochloric acid, less so by dilute 
sulphuric acid, and not at all by concentrated nitric acid. Fr6my 
obtained chromium in small cubic crystals, by the action of sodium 
vapour on chromium trichloride at a red-heat. The crystalline 
chromium resists the action of concentrated acids, even of nitro- 
muriatic acid. 

Chromium forms a hexfluoride, Cr'^Fg, and a corresponding 
oxide, Cr’‘03, analogous to sulphuric oxide ; also, an acid, H2Cr04, 
analogous to sulphuric acid, with corresponding salts, the chroinates, 
which are isomorphous with the sulphates. In its other com- 
pounds, chroitiium resembles iron, forming the chromic compounds 
CrgClg, 01*203, &c., in which it is apparently tri valent but really 
quadrivalent, and the chromous compounds, CrCl^jCrO, &c., in 
which it is bivalent. 

Chlorides. — The dichloride^ or Cfircmiaus chloride^ CrClg, is pre- 
pared by heating the violet-coloured trichloride, contained in a 
porcelain or glass tube, to redness in a current of perfectly dry 
and pure hydrogen gas ; hydrochloric acid is then disengaged, 
and a white foliated mass is obtained, which dissolves in water 
with great elevation of temperature, yielding a blue solution, 
which, on exposure to the air, absorbs oxygen with extraordinary 
energy, acquiring a deep green colour, and passing into the state 
of chromic oxychloride, CrgClg-CrgOg. Chromous chloride is one 
of the most powerful reducing or deoxidising agents known, pre- 
cipitating calomel from a solution of mercuric chloride, instantly 
converting tungstic acid into blue tungsten oxide, and precipitat- 
ing gold from a solution of auric chloride. It forms, with 
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ammonia, a sky-blue precipitate which turns green on exposiu'e 
to the air ; with ammonia and sal-ammoniac, a blue solution 
turning red on exposure to the air ; and with ammonium sulphide, 
a black precipitate of chromous sulphide. 

The trichloride^ or Chromic chloride, CrgClg, is obtained in the 
anhydrous state by heating to redness in a porcelain tube a mix- 
ture of chromium se^uioxide .Jid charcoal, and passing dry 
chlorine gas over it. The trichloride sublimes, and is deposited 
in the cool part of the tube, in the form of beautiful crystalline 
plates of a i)ale violet colour. It is totally insoluble in water 
under ordinary circumstances, even at the boiling heat. It dis- 
solves, however, and assumes the deep-green hydrated state in 
water containing an exceedingly minute quantity of the dichloride 
in solution. The hydration is marked by the evolution of much 
heat. This remarkable effect must probably be referred to the 
class of actions known at present under the name of catalysis. 

The green hydrated chromic chloride is easily formed by dis- 
solving chromic hydrate in hydrochloric acid, or by boiling lead 
chromate, or silver chromate, or a solution of chromic acid, with 
hydrochloric acid and a reducing agent, such as alcohol, or sulphu- 
rous acid, or even with liydrochloric acid alone : 

2Cr03 + I2HCI = Cr,C]g + + C%. 

The solution thus obtained exhibits the same characters as the 
chromic oxygen-salts. When evaporated it leaves a dark-green 
syrup, which, when belated to 100^ in a stream of drj" air, yields 
a green mass containing CrgClQ.OHgO. The same solution evapo- 
rated in a vacuum yields green granular ci'vstals containing 

Fluoridp:s. — The frifluoride, or Chromic fluoride, Cr^jF^, is 
obtained by treating the dried ses<|uioxide with hydrofluoric acid, 
and strongly heating the dried mass, as a dark-green substance, 
which melts at a high temperature, and sublimes when still more 
strongly heated, in shining regular octohedrons. 

The hexfluoride, CrF^, is formed by distilling lead chromate with 
fluorspar and fuming oil of vitriol in a leaden retort, and conden- 
sing the vapours in a cooled and dry leaden I’eceiver, It then 
condenses to a blood-red fuming li<|uid, which volatilizes when its 
temperature rises a few degrees higher. The vapour is red, and, 
when inhaled, produces violent coughing and severe oppression of 
the lungs. The hexfluoride is decomposed by w^ater, yielding 
hydrofluoric and chromic acids. A fluoride, intermediate in 
composition between the two just described, is obhiined in solu- 
tion by decomposing the brown dioxide in hydrofluoric acid. 
The solution is red, and yields by evaporation a rose-coloured 
salt, which is redissolved without alteration by w^ater, and precipi- 
tated brown by ammonia. 
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Oxides. — Chromium forms five oxides, containing CrO, Cr304, 
01*203, Cr02, and CrOa, the first three being analogous in composi- 
tion to the three oxides of iron. 

The monoxide^ or Chromous oxide^ Cr" 0 , is formed on adding 
potash to a solution of chromous chloride, as a brown precipitate, 
which speedily passes to deep foxy-red, with disengagement of 
hydrogen, being converted into a higher oxide. Chromous oxide 
is a powerful base, forming pale-blue salts, which absorb oxygen 
with extreme avidity. Potassio-chromous sulphate contains Cr''K2 
(S04)p.6H20, like the other members of the same group. 

Trichromic tetroxide^ Cr304 = CrO.CrgOg, is the above-mentioned 
brownish-red precipitate produced by the action of water upon 
the monoxide. The decomposition is not complete without boiling. 
This oxide corresponds with the magnetic oxide of iron, and is not 
salifiable. 

Sesquioodde^ or Chromic oxide^ Cr203. — When mercurous chro- 
mate, prepared by mixing solutions of mercurous nitrate and 
pot>assiuin chromate, or <licnromate, is exposed to a red heat, it is 
decomposed, pure chromium sesquioxide, having a fine green 
colour, remaining. In this state the oxide is, like alumina after 
ignition, insoluble in acids. The anhydrous sesquioxide may be 
prepared in a beautifully crj^stalline form by healing potassium 
dichromate, K2p.2Cr03,..LQ fuU. jednca@.Jp. an earthen crucible. 
"One-half of the chromium trioxide contained in that salt llien 
suffers decomposition, oxygen being disengaged and sesquioxide 
left. The melted mass is then treated with water, Avhich dissolves 
out neutral potassium chromate, and the oxide is, lastly, washed 
and dried, ChromiLiin sesfjuioxidc communicates a fine green tint 
to glass, and is used in enamel painting. The crystalline sesqiii- 
oxide is employed in the manufacture of razor-siro})s. From a 
solution of cnromiuiii sesquioxide in potash, or soda, green gela- 
tinous hydrated sesquioxide of chromium is separated on standing. 
When finely powdered and dried over siilj)huric acid, it consists 
of Cr203.6Ho0. A hydrate may also he prepared by boiling a 
somewhat dilute solution of potassium dichroinate strongly acidu- 
lated with hydrochloric acid, with small successive portions of 
sugar or alcohol. In the former case carbon dioxide escapes : in 
the latter, aldehyde and also acetic acid are formed, substances with 
which we shall become acquainted in organic chemistry ; and the 
chromic acid of the salt becomes converted into chromium trichlo- 
ride, the colour of the liquid changing from red to deep green. 
The reduction may also be effected, as already observed, by hydro- 
chloric acid alone. A slight excess of aipmonia precipitates the 
hydrate from its solution. It has a pale purplish-green colour, 
which becomes full green on ignition ; an extraordinary shrinking 
of volume and sudden incandescence are observed when the hydrate 
is decomposed by heat. 

Chromium sesquioxide is a feeble base, resembling, and iso- 
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niorphous with, iron sesquioxide and alumina ; its salts (chromic 
salts) have a green or purple colour, and are said to he poison- 
ous. 

C%romic sulphate^ (Cr2)''*(S04)3, is prepared by dissolving the 
hydrated oxide in dilute sulphuric acid. It unites with the sul- 
phates of potassium and ammonium, giving rise to magnificent 
<louble salts, which crystallise bt regular octohedrons of a deep 
(daret-colour, and possess a constitution resembling that of common 
alum, the aluminium being replaced by chromium. The ammo- 
nium-salt, for example, has the composition Cr'"(NH4) (804)2. 12 
The finest crystals are obtained by spontaneous evaporation, the 
solution being apt to be decomposed by heat. 

The dioxide, Cr02, which is, perhaps, a chromic chromate, 
CrO3.Cr.2O3, is a brown substance obtained by digesting chromic 
oxide with excess of chromic acid, or by partial reduction of 
chromic acid with alcohol, sulphurous acid, &c. 

Chromium Trioxide, CrOg ; in combination with water, form- 
ing Chromic acid, Cr03.Il2O = H2Cr04 = (Cr02)''(0H)2. When- 
ever chromium sesquioxide is strongly heated with an alkali, in 
contact with air, oxygen is absorbed and the tidoxide generated. 
Chromium trioxide may be obtained nearly pure, and in a state 
of great beauty, by mixing 100 measures of a cold saturated solu- 
tion of potassium dichromate wdth 150 measures of oil of vitriol, 
and leaving the whole to cool. It crystallises in brilliant crimson- 
red prisms ; the mother-liquor is poured off, and the crystals are 

1 )Iaced upon a tile to drain, being closely covered l>y a glass or 
>ell-jar. It is also formed by decomposing the hextluoride with a 
small (quantity of water. Chromium trioxide is very deliquescent 
and soluble in water ; the solution is instantly reduced by contact 
with organic matter. 

Chromic acid is bibasic and analogous in composition to sul- 
phuric acid; its salts are isomorphous with the corresponding 
sulphates. 

Potassium chromate, K2Cr04, or {CrO^"{OK) 2 . — This salt is 
made directly from the native chrome-iron-ore, which is a com- 
pound of chromium sesquioxide and ferrous oxide, analogous to 
magnetic iron ore, by calcination with nitre or with potassium 
carbonate, or with caustic potash, the ore being reduced to powder 
and heated for a long time with the alkali in a reverberatory 
furnace. The product, when treated with water, yields a yellow 
solution, which, by evaporation, deposits anhydrous crystals of the 
same colour, isomorphous with potassium sulphate. Potassium 
chromate has a cool, bitter, and disagreeable taste, and dissolves in 
2 parts of water at 15*5°. 

Potassiu7n dichromate, or anhydrochromate, K20.2Cr03, or 
KoCr04.Cr03. — When sulphuric acid is added to the preceding 
salt in moderate quantity, one half of the base is removed, and 
tlie neutral chromate converted into dichromate. The new salt, 
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of which immense quantities are manufactured for use in the arts, 
crystollises by slow evaporation in l>eautiful red tabular crystals,' 
derived from a triclinic prism. It melts when heated, and is 
soluble in 10 parts of water ; the solution has an acid reaction. 

Potassium trichromate^ KgO.SCJrOg, or K2Cr04.2Cr03, may be 
obtained in crystals by dissolving the dichromate in an aqueous 
solution of chromic acid, and allowing it to evaporate over suh 
phuric acid. 

Lead chromate^ Pb"Cr04. — On mixing solutions of potassium 
chromate or dichromate with lead nitrate or acetate, a brilliant 
yellow precipitate falls, which is the compound in question ; it is 
the dirome-yellow of the painter. Then this compound is boiled 
with lime-water, one half of the acid is withdrawn, and a basic 
lead chromate of an orange-red colour left. The basic chromate 
is also formed by adding lead chromate to fused nitre, and aftei*- 
waixls dissolving out the soluble salts by water: the product is 
crystalline, and rivals vermilion in ‘beauty of tint. Tlie j^ellow 
and orange chrome-colours are fixed upon cloth by alternate ap- 
plication of the two solutions, and in the latter case by passing the 
dyed stuff through a bath of boiling lime-water. 

Silver chroimte^ Ag^CrO^. — This salt })i*ecipit{ites as a reddish- 
brown powder when solutions of potassium chromate and silver 
nitrate are mixed. It dissolves in not dilute nitric acid, and sepa- 
rates, on cooling, in small ruby-red platy ciystals. The chromates 
of barium, zinc, and mercury are insoluble; the first two arc yel- 
low, the last is brick-red. 

Chromium DioxYDicHi.ORiDEyCrO^Clg, commonly called Chloro- 
chromic acid , — When 3 parts of potassium dichromate and 3^ pai ts 
of common salt are intimately mixed and introduced into a small 
glass retort, 9 parts of oil of vitriol then added, and heat applied 
as long as dense red vapours arise, this compound passes over as a 
heavy deep-red liquid resembling bromine : it is decomposed by 
water, with production of chromic and hydrochloric acids. It is 
analogous to the so-called chloromolybdic, chlorotungstic, an<l 
chlorosulphuric acids, in composition, and in the products which 
it yields when decomposed. It may be regarded as formed from 
the trioxide by substitution of Clg for O, or from chromic acid, 
(0rO2y'(OH)2, by subs^^itution of CI2 for (OH)2 ; also as a compound 
of chromium hexchloride (not known in the sej)arate state), with 
chromium trioxide : CrClQ.2Cr03 = 3Cr02Cl2. 

Perchromic Acid is obtained, according to BarreswiJ, by mix- 
ing chromic acid with dilute hydrogen dioxide, or potassium di- 
chromate with a dilute but very acid solution of barium dioxide 
in hydrochloric acid ; a liquid is then formed of a blue colour, 
which is removed from the aqueous solution by ether. This very 
unstable compound has perhaps the composition H2Cr20g or 
Cr207.H20, analogous to that of permanganic acid. 
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Reactions of Chromium compounds. — A solution of chromic chlo- 
ride or a cliroinic oxygen-salt is not precipitated or changed in 
any way by hydrogen sulphide. Ammoriium sulphide throws 
down a greyish-^^reen precipil^ite of chromic hydrate. Caustic fixed 
alkalis also precipitate the hydrated oxide, and dissolve it easily 
when added in excess. Ammonia the same, but nearly insoluble. 
The carbonates of potassium^ sodiL.m, and ammonium^ also throw 
down a green precipitate of hydrate, slightly soluble in a large 
excess. 

Chromous salts are but rarely met with ; for their reactions, set* 
Chromium dichloride, p. 500. 

Chromic acid and its salts are easily recognised in solution by 
forming a pale yellow precipitate with barium salts^ bright yellow 
with lead salts^ brick-red with msrcurous salts^ and crimson with 
silver%alts; also by their capability of yielding the green ses(iui- 
oxide by reduction. 

All chromium compounds, ignited with a mixture of nitre and 
an alkaline carbonate, yield an alkaline chromate, which may be 
dissolved out by water, and on being neutralised with acetic acid, 
will give the reactions just mentioned. 

The oxides of chromium and their salts, fused with borax in 
either blow-pine flame, yield an emerald-green glass. The same 
character is exnibited by those salts of chromic acid whose bases 
do not of themselves impart a decided colour to the bead. The 
j)roduction of the green colour in both flames distinguishes 
chromium from uranium and vanadium, w hich give green beads 
in the inner flame only. 


URANIUM. 

Atomic weight, 240 ; symbol, U. 

This metal is found in a few minerals, pitchblende which is an 
oxide, and ur unite which is a phosphate ; the former is its principal 
ore. The metal itself is isolated by decomposing the chloride 
with potassium or sodium, and is obtained as a black coherent 
powder, or in fused while malleable globules, according to the 
manner in which the process is conducted. It is permanent in 
the air at ordinary temperatures, and does not decompose water ; 
but in the pulverulent state it takes fire at 207°, burning with 
great splendour and forming a dark-green oxide. It unites also 
very violently with chlorine and with sulphur. 

Uranium forms two classes of compounds ; viz., the uranous 
compounds, in which it is quadrivalent, e.g.y U*’'Cl 4 , 
U'XS 04 ) 2 , &c., and the uranic compounds, in which it is 
sexvalent, e.g.y 

U'*‘0"2Ci2, U'‘0"2(so4y'. 
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Theiie are also two oxides mlennediute between umnous and 
uranic oxide* There is no chloride, bromide, iodide, or fluoride 
corresponding to uranic oxide, such as UCl^; neither are there 
any normal uranic oxysalts, such as II''‘(N03V U''‘(S04y'3, &e. ; 
but all the uranic salts contain the group IJOg, which may be 
regarded as a bivalent radical (uranyl), uniting with acids in the 
usual proportions and forming normal sdts ; thus — 

Uranic oxide or Uranyl oxide, . . (UOgX'O 

Uranic oxychloride or Uranyl chloride, (UOgl^CL 
Uranic nitrate or Uranyl nitrate, . (UOgXX^Oo),, 
Uranic sulphate or Uranyl sulphate, . (U02y'(S04y^. 

This view of the composition of the uranic salts is not, however, 
essential, since they may also be formulated as basic salts in the 
manner above illustrated. ^ 

Chlorides. — Uranous chloride^ UCl^, is formed, with vivid in- 
candescence, by burning metallic uranium in chlorine gas, also by 
igniting uranous oxide in hydrochloric acid gas. It crystallises in 
dark green regular octohedroiis, and dissolves easily in water, 
forming an emerald-green solution, which is decomposed when 
dropped into boiling water, giving off hydrochloric acid, and 
yielding a brown precipitate of hydrated uranous oxide. It is a 
powerful deoxidising agent, reducing gold and silver, converting 
ferric salts into ferrous salts, &c. 

Uranic oxychloride^ or Uranyl chloride^ UO2CI2, is formed when 
dry clilorine gas is passed over red-hol, uranous oxide, as an orange- 
yellow vapour, which solidifies to a yellow crystalline fusible mass, 
easily soluble in water. It forms double salts with the chlorides 
of the alkali-metals — the potassium salt, for example, having the 
(iomposition U02Cl2.2KCl.i2H20. 

Oxides. — Uranous oxide, UOg, formerly mistaken for metallic 
uranium, is obtained by heating the oxide, UgOg, or uranic oxalate, 
in a current of hydrogen. It is a brown powder, sometimes highly 
crystalline. In the finely divided state it is pyrophoric. It dis- 
solves in acids, forming green salts. 

Uranoso-uranic oxide, 0303= UO2.2UO3. — This oxide forms the 
chief constituent of pitchblende. It is obtained artificially by 
igniting the metal or uranous oxide in contact with the air, or by 
gentle ignition of uranic oxide or uranic nitrate. It forms a dark- 
green velvety powder, of specific gravity 7 T to 7 * 3 . When ignited 
in hy<fcogen, or with sodium, charcoal, or sulphur, it is reduced 
to uranous oxide. When ignited alone, its yields a black oxide, 
UgOg. Uranoso-uranic oxide dissolves in strong sulphuric or 
hydrochloric acid, yielding a mixture of uranous and uranic salt ; 
hy nitric acid it is oxidisea to uranic nitrate. 

Uranic oxide, or Uranyl oxide, UO3. — Uranium and its lower 
oxides dissolve in nitric acid, forming uranic nitrate ; and when 
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this salt is heated in a glass tube till it begins to decompose, at 
250 °, pure uranic oxide remains in the form of a chamois-yellow 
powder. Uranic hydrate, UO0.2H2O, cannot be prepared by pre- 
cipitating a uranic salt with alkalis, inasmuch as the precipitate 
always carries down alkali with ' ; but it may be obtained by 
evaporating a solution of iu*anic nitrate in absolute alcohol at a 
moderate heat, till, at a certain degree of concentration, nitrous 
ether, aldehyde, and other vapours are given off, and a spongy 
yellow mass remains, which is the hydrate. In a vacuum at 
ordinary temperatures, or at 100° in the air, it gives off half its 
water, leaving the monohydrate, UOg.HgO. This hydrate cannot 
be deprived of all its water without exposing it to a heat sufficient 
to drive off part of the oxygen, and reduce it to uranoso-uranic 
oxide. 

UAnic oxide and its hydrates dissolve in acids, forming the 
uranic salts. The nitrate^ (UOgXXN 03)2.61120, may he pre- 
pared from pitchblende hy dissolving the pulverised mineral in 
nitric aind, evaporating to dryness, adding water and filtering ; 
the liquid yields, hy clue evaporation, crystals of uranic nitrate, 
which are purified l)y a repetition of the process, and, lastly, dis- 
solved in ether. This latter solution yielcis the pure nitrate. 

Uranates . — Uranic oxide unites with the more basic metallic 
oxides. Tlie uranates of the alkali-metals are obtained by precipi- 
tating a uranic salt wdth a caustic alkali : those of the earth-metals 
and heavy metals, by precijiitating a mixture of a uranic salt and 
a salt of the other metal with ammonia, or by igniting a double 
carbonate or acetate of uranium and the other metal (calcio-uranic 
acetate, for example) in conbict with the air. The uranates have, 
for the most part, the composition M2O.2UO3. They are yellow, 
insoluble in water, soluble in acids. Those w hich contained fixed 
bases are not decomposed at a red heat ; but at a white heat, the 
uranic oxide is reduced to uranoso-uranic oxide, or hy ignition 
in hydrogen to iiranous oxide: the mass obtained by this last 
method easily lakes fire in contact with the air. Sodium urauate^ 
Na20.2U03, is much used for imparting a yellowish or greenish 
colour to glass, aud as a yellow pigment on the glazingof porcelain. 
The “uranium-yellow” for these purposes is prepared on the large 
scale hy roasting pitchblende with lime in a reverberatory furnace ; 
treating the resulting calcium uranate wdth dilute sulphuric acid ; 
mixing the solution of uranic sulphate thus obtained with sodium 
carbonate, by which the uranium is first precipitated together with 
other metals, but then redissolved, tolerably free from impu#ty, by 
excess of tlie alkali ; and treating the liquid with dilute sulphuric 
acid wdiich throws down hydrated sodium uranate, Na20.2U03.6 aq. 
Ammonium uranate is but slightly soluble in pure water, and 
quite insoluble in water containing sal-ammoniac ; it may, there- 
fore, be prepared by precipitating a solution of sodimn-uranate with 
that salt. It occurs in commerce as a fine deep yellow’' pigment, 
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also called ‘‘uranium yellow.” This salt, when heated to redness, 
leaves pure uranoso-uranic oxide, and may, therefore, serve as the 
raw material for the preparation of other uranium compounds. 

Uranous salts form green solutions, from which camtic alkalis 
throw do\m a red-hrown gelatinous precipitate of uranous hydrate ; 
alkaline carbonates^ green precipitates, which dissolve in excess, 
especially of ammonium carbonate, forming green solutions. Am- 
moniv/m snlphide forms a black precipitate of uranous sulphide ; 
hydrogen sulphide^ no precipitate. 

Uranic salts are yellow, and yield with aZ/caKs a yellow 

precipitate of alkaline uranate, insoluble in excess of the reagent. 
Alkaline carbonates form a yellow precijnlate consisting of a car- 
bonate of uranium and the alkali-metal, soluble in excess, espe- 
cially of acid ammonium or potassium carbonate. AmixwnivJtn sul- 
phide forms a black precipitate of uranic sulphide. Hydrogc t 
sulphide forms no precipitate, but reduces the uranic to a green 
uranous salt. Potassium ferrocyanide forms a red-brown precipi- 
tate. 

^ All uranium compounds, fused with phosjfhorus salt or borax in 
the outer blow-pipe flame, produce a clear yellow glass, which 
becomes greenish on cooling. In the inner flame the glass assumes 
a green colour, becoming still greener on cooling. The oxides of 
uranium are not reduced to the metallic state by fusion with 
sodium carbonate on charcoal. 

Uranium compounds are used, as already observed, in enamel 

f )ainting, and for the staining of glass, uranous oxide giving a fine 
)lack colour, and uranic oxide a delicate greenish-yellow, highly 
fluorescent glass. Uranium salts are also used in photography. 


TUNGSTEN, or WOLFRAM. 

Atomic -weight, 184; symbol, W. 

Tungsten is found, as ferrous tungstate, in the mineral wolfram^ 
tolerably abundant in Cornwall ; occasionally also as calcium tung- 
state {scheelite or tungsteri)^ and as lead tungstate {scheeletine). 
Metallic tungsten is obtained in the state of a dark-grey powder, 
by strongly heating tungstic oxide in a stream of hydrogen, but 
requires for fusion an exceedingly high temperature. It is a white 
metal^very hard and brittle : it has a density of 17 ‘4. Heated to 
redness in the air, it takes fire and reproduces tungstic oxide. 

Tungsten forms two classes of compounds, in which it is quad- 
rivalent and sexvalent respectively, and a third class, of interme- 
diate composition, in which it is apparently quinquivalent. 

Chlorides. — These compounds are formed by heating metallic 
tungsten in chlorine gas. The hexchloride or tungstic chloride^ 
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WCle, is also produced, together with oxychloride, by the action 
of chlorine on an ignited mixture of tungstic oxide and charcoal. 
The oxychlorides, being more volatile than the hexchloride, may be 
separated from it by sublimation. The hexchloride forms dark 
violet scales or fused crusts having a bluish -black metallic 
iridescence. By contact with wat,r or moist air, it is converted into 
hydrochloric and tungstic acids. The chlorides, WCI5, WCl^, and 
WClg, are formed when the hexchloride is heated in hydrogen gas. 
The two former are crystalline : the dichloride is a loose grey 
powder, destitute of crystalline structure.* 

A pentabromide and hexbromide are formed by the action 
of bromine in excess on tungsten. — The hexfinoride^* WFg, is 
obtained by evaporating a solution of tungstic acid in hydrofluoric 
acid. 

Oxides. — Tuimsten forms three oxides, WO2, WO 3 , and WgOg, 
neither of which exhibits basic properties, so that there are 
no tungsten salts in which the metal replaces the hydrogen of 
an acid, or takes the electro-positive part. The trioxide exhibits 
decided acid tendencies, uniting with basic metallic oxides, and 
forming crystallisable salts called tungstates. The pentoxide may 
be regarded as a compound of the other two. 

The dioxide^ or Tungstous oxide^ WOg, is most easily prepared by 
exposing tungstic oxide to hydrogen, at a temperature not exceed- 
ing dull redness. It is a brown powder, sometimes assuming a 
crystalline appearance and an imperfect metallic lustre. It taxes 
fire when heated in the air, and bums, like the metal itself, to 
tungstic oxide. It forms a definite compound with soda. 

The trioxide, or Tungstic oxide, WO3, is most easily prepared 
from native calcium tungstate by digestion in nitric or hydrochloric 
acid, the soluble calcium-salt thereby produced being washed out 
with water, and the remaining tungstic acid ignited. From wolf- 
ram it may be prepared by repeatedly digesting the mineral in 
strong hydrochloric acid, nltimately with addition of a little nitric 
acid, to dissolve out the iron and manganese ; dissolving the re- 
maining tungstic acid in aqueous ammonia ; evaporating to dryness ; 
and heating the re.sidual ammonium tungstate in contact with the 
air. Tungstic oxide is a yellow powder insoluble in water, and in 
most acids, but soluble in alkalis. The hot solutions of the result- 
ing alkaline tungstates, when neutralised with an acid, yield a yel- 
low precipitate of tungstic monohydrate or tungstic acid, H2WO4 or 
H^O.WOg. Cold dilute solutions, on the other hand, yiel^ with 
acids a white precipitate, consisting of tungstic dihydrate or hydrated 
tungstic acid, 2H2O.WO0 or H2WO4.H2O. Tungstic acid reddens 
litmus and dissolves easily in alkalis. 

Tungstates. — Tungstic acid unites with bases in various, and 
often in very unusual proportions. It is capable of existing also 

* Roscoe, Journal of the Chemical Society, 1872, p. 207. 
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Ill two isomeric modifications, viz. — 1. Ordinary tungstic acid^ 
which is insoluble in water, and forms insolulile salts with all 
metals, except the alkali-metals and magnesium ; 2. Metatungstic 
acid^ which is soluble in water, and forms soluble salts with nearly 
all metals. Ordinary tungstic acid forms normal salts containing 
MgWO^ or MoO.WOg, and acid salts containing 3M2O.7WO3, which 
may perhaps be regarded as double salts composed of diacid and 
triacid tungstates, that is, as 2(M20.2W03) + MgO.SWOg. The 
tungstates of potassium and sodium, especially the latter, are 
sometimes used as mordants in dyeing, in place of stannates ; also 
for rendering muslin and other light labrics uninflammable. 
Tungstous tungstate, WO2.WO3, which has the composition of 
tungsten pentoxide^ ^ ^ hlne substance produced by reducing 
tungstic oxide or tungstic acid with zinc and hydrochloric acid ; 
also by heating ammonium tungstate to redness in a retort. 

Metatungstates. — These salts, which have the composition of 
quadracid tungstates, M2O.4WO3, are formed from ordinary tung- 
states by addition of tungstic acid, or by removing part of the 
base by means of an acid. They are for the most part soluble and 
crystallisable. By decomposing barium metatungstate with dilute 
sulphuric acid, and evaporating the filtrate in a vacuum, hydrated 
metatungstic acid is obtained in quadratic octohedrons apparently 
containing H2O.4WO3 + 31 aq. ; it is very soluble in water. 

Silicot'ungstates.^ — By boiling gelatinous silica with acid 
potassium tungstate, a crystalline salt is obtained, having the 
composition of a diacid potassium tungstate, 6(K|j0.2W03), or 
KigOo-lSWOg, in which one-third of the potassium is rejdaced by 
silicium, viz., K8Si'^(X.12W03, so that the silicium here enters as 
a basylous element. The resulting solution yields with mercurous 
nitrate a precipitate of mercurous silicotungstate ; this, when de- 
composed by an equivalent quantity of hydrochloric acid, yields a 
solution oi hydrogen silicotungstate or silicotungstic acid ; and the 
other silicotungstates, which are all soluble, are obtained by treat- 
ing the acid with carbonates. 

Silicodecitungstic acid, IOWO3, is obtained as an 

ammonium-salt by boiling gelatinous silica with solution of acid 
ammonium tungstate ; and from this, the acid and its other salts 
may be obtained in the same manner as the preceding. The 
silicodecitungstates are very unstable, and the acid is decomposed 
by mere evaporation, depositing silica, and being converted into 
tungstosilicic acid, which is isomeric with silicotungstic acid, 
and likewise decomposes carbonates. All three of these acids are 
capable of exchanging either one half or the whole of their basic 
hydrogen for metals, thereby forming acid and neutral salts ; 
silicotungstic acid also forms an acid sodium-salt in which only 
one-fourth of the hydrogen is replaced by sodium. 

♦Marignac, Ann. Cliim. Phys. [4]iii.5; Watts’s Dictionary of Chemis- 
try,” V. 913. 
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Tungsten Sulphides. — The disulphide^ or Tungstous sulphide^ 
WSg, is obtained in soft, black, needle-shaped crystals by ignitin^^ 
tungsten, or one of its oxides, with sulphur. 

The trisulphide, or Tungstic sulphide, WS3, is formed by dissolv- 
ing tungstic acid in ammonium suiphide, and precipitating with 
an acid, or by adding hydrochloric acid to the solution of an 
alkaline tungstate saturated with hydrogen sulphide. It is a light- 
brown precipitate, turning black when dry. It unites easily with 
basic metallic sulphides, forming the sulphotungstates, MgWS^, 
analogous to the normal tungstates. 

Reactions of Tungsten compounds. — Soluble tungstates, or meta- 
tun^tates, supersaturated with sulphuric, hydrochloric, phosphoric, 
oxalic, or acetic acid, yield, on the introduction of a piece of zinc, 
a beautiful blue colour, arising from the formation of blue tung- 
sten oxide. A soluble tungstate, mixed with ammonium sulphide., 
and then with excess of acid, yields a light-brown precipitate of 
tungstic sulphide, soluble in ammonium sulphide. Hydrogen sril- 
phide does not precipitate the acidulated solution of a tungstate, 
but turns it blue, owing to the formation of the blue oxide. 
Ordinary tungstates give with potassium ferrocyanide, after addi- 
tion of hydrochloric acid, a brown flocculent precipitate, soluble 
in pure water free from acid ; inetatungstates give no precipitatci 
Acids added to solutions of ordinary tungstates, throw dowm a 
white or yellow precipitate of tungstic acid ; with metatmigstates 
no precijntate is obtained. 

All tungsten compounds form colourless beads with borax and 
phosphorus salt, in the outer blow-pii)e flame. With borax, in the 
inner flame, they form a yellow glass, if the quantity of tungsten 
is somewhat considerable, but colourless with a smaller (juantity. 
With phosphorus salt in the inner flame they form a glass of a pure 
blue colour, unless metallic oxides are present, which modify it ; 
in presence of iron the glass is blood-red, but the addition of 
metallic tin renders it blue. 

Steel, alloyed with a small quantity of tungsten, acquires extia- 
ordinary hardness. Wootz, or Indian steel, contains tungsten. 
Tungsten has also a remarkable effect on steel in increasing its 
power of retaining magnetism when hardened. A horse-shoe 
magnet of ordinary stem, weighing two pounds, is considered of 
good quality when it bears seven times its own weight; but 
according to Siemens, a similar magnet made with steel containing 
tungsten may be made to carry twenty times its weight suspended 
from the armature.* 

* Journal of the Chemical Society, July, 1868. 2nd Series, vol. vi. p. 284. 
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MOLYBDENUM, 

Atomic weight, 96 ; symbol, Mo. 

This metal occurs in small quantity as slilpliide, or molybdenite^ 
and as lead molybdate, or \oxilfenite. Metallic molybdenum is 
obtained by exposing molybdic oxide in a charcoal-lined crucible 
to the most intense heat that can be obtained. It is a white, 
brittle, and exceedingly infusible metal, having a density of 8*6, 
and oxidising, when heated in the aii*, to molybdic oxide. 

Chlorides. — Molybdenum forms three chlorhles, containing 
MoClg, MooCl^j, and M0CI4. The tetrachloride^ or molybdic chloride^ 
is obtained in dark metallically lustrous crystals by passing 
chlorine in excess over gently heated molybdenum ; when heated 
in a stream of hvdrogen, it is reduced to the dark copper-coloured 
M0CI3 

trichloride, | . The dichloride, or molybdoiis chloride, is ob- 

M0CI3 

tained, though not in the pure state, by exposing the trichloride 
to a moderate heat in an atmosphere of carbon dioxide, or by 
heating metallic molybdenum with calomel. In solution it is 
obtained by saturating hydrochloric acid with molybdous 
hydrate. 

The bromides of molybdenum correspond in composition to the 
chlorides ; there is also an oxybroniide containing Mo'^'BrjjOjj. 

Fluorides. — Molybdenum forms three fluorides, MoFg, M0F4, 
and M0F3, which are obtained by dissolving the corresponding 
oxides in hydrofluoric acid. The hexfluoride is not known in the 
free state, but only in combination with basic metallic fluorides 
and molybdates; thus there is a potassium salt containing 
KgMoO^.KaMoFg. 

Oxides. — Molybdenum forms the three oxides, Mo'^O, Mo*’'02, 
and Mo^‘03, besides several oxides intermediate between the last 
two, which may be regarded as molybdic molybdates. 

The monoxide, or Molybdous oxide, MoO, is produced by bringing 
the dioxide or trioxide, in presence of one of the stronger acids, 
in contact with any of the metals which decompose water. Thus 
when zinc is immersed in a concentrated solution of an alkaline 
molylxlate mixed with a quantity of hydrochloric acid sufficient 
to redissolve the precipitate first thrown down, zinc chloride and 
molybdous chloride are formed. The dark-coloured solution thus 
obtained is mixed with a large quantity of caustip potash, which 
precipitates a black hydrated molybdous oxide, and retains the 
zinc oxide in solution. The freshly precipitated hydrate is soluble 
in acids and ammonium carbonate ; when heated iii the air it burns 
to dioxide, but when dried in a vacuum it leaves the black anhy- 
drous monoxide. 
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The dioxide^ or Molyhdic oxide, MoOg, is ohtained in the anhy- 
drous state hy heating sodium molybdate with vsal-ainmoniac, the 
molybdic trioxide being reduced to dioxide by tlie hydrogen of 
the amnioniacal salt ; or, in the hydrated state, by digesting metal- 
lic cop])er in a solution of m ’ybdic acid in hydrochloric acid, 
until the liqviid assumes a red colour, and then adding a large 
excess of ammonia. The anhydrous dioxide is deep brown, and 
insoluble in acids; the hydrate resembles ferric hydrate, and dis- 
solves in acids, yielding red solutions. It is converted into inolyb- 
dic acid by strong nitric acid. 

Trioxide, M0O3. — To obtain this oxiile (commonly called Mohjh-^ 
die acid) native molybdenum sulphide is roasted, at a red heat, in 
an o2)en vessel, and the imi^ure molybdic trioxide thence resulting 
is dissolved in ammonia. The filtered solution is evaporated to 
dryness, and the salt is taken up by water and ]>urified by crystal- 
lisation. It is. lastly, decomposed by heat, and the ammonia ex- 

f )elled. The trioxide may also he prepared by deconii)osing native 
ead molybdate with suljdiuric acid. It is a white crystalline 
])owder, fusible at a red heat, and slightly soluble in water. Tin* 
solution contains rnolyhdic acid; but this acid, or hydrate, is not 
known in the solid state. The trioxide is easily dissolved by al- 
kalis, and forms two series of salts, viz., normal, or neutral molyb- 
ilatvH, Ii.jJ\io()4, or R2O.M0O3, and anhydromolyhdates or himolyh- 
dates, Ii2Mo04.Mo03, or symbol R denoting a 

univalent metal. The neutral molybdates of the alkali-metals are 
easily soluble in water, and their solutions yield, with the 
stronger acids, a preci})itate, either of a less sojuhle bimolyb- 
date, or of the anhydrous trioxide. The other molybdates are 
insoluble, and are obtained by lU’eciintaiion. Lead molybdate, 
PbMoOj, occurs native in yedlow (piadratic plates and octohe- 
drons. 

SuLniiDES. — Molybdenum forms three sulphides, M0S2, MoS^, 
and M0S4, the last two of which are acid sulphides, forming 
sulj)hur-salts. The disidphide, or Molybdic sulphide, MoSg, occurs 
native, as molybdenite, in crystallo-laminar masses, or tabular 
crystals, having a strong metallic lustre and lead-grey colour, and 
forming a grey streak on paper like plumbago. The same com- 
pound is produced artificially by heating either of the higher sul- 
phides, or by igniting the trioxide with su]j)hur. When roasted 
in contact with the air, it is converted into trioxide. 

The trisulphide, M0S3, commonly called sulphomolyhdic acid, is 
obtained by passing hydrogen sulphide into aconceninated solution 
of an alkaline n^plybdate, and precipitating with an acid. It is a 
black-brown powder, which is dissolved slowly by alkalis, more 
easily by alkaline 8uli)hides and sulphydrates, forming sulphur- 
salts called sulphomolybdates. Most of these salts have the com- 
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and iiiagneaiuin, are solulde in water, forming solutions of a fine 
red colour ; the rest are insoluble. 

Tetrasulphide^ M0S4. — This is also an acid sulphide, forming 
salts called pemulphomohjhdateSj the general formula of which is 
RjjMoSg, or Thi^ potasduvi-salt is obtained by boiling 

the sulpho-molybdate with inolyMenum trisulpliide. 

Molybdous salts, ol^tained by dissolving molybdous oxide 
in acids, are opacjue and almost black. They yield, with hy- 
drogen suljdiide, a brown-black j^recipitate soluble in ammonium 
sulphide ; with alkalis and alkaline carbonates^ a brownish-black 
j^recipitate of molyl^dous hydrate, easily soluble in acid ])Otassiiim 
carbonate, or in ammonium carbonate; jiotasdum ferrocyanidcj 

a dark brown precij)itate ; with sodium jfhosj^hate^ a white precipitate. 

Solutions of molybdic salts have a reddish-brown colour. 
When heated in the air, they have a tendency to become blue by 
oxidation. In contact with metallic zinc, tJiey first blacken and 
then yiebl a black precipitate of molybdous hydrate. Their re- 
actions with alkalis^ hydrogen sulphide^ &c., are similar to those 
of molybdous salts; but the precipitates are lighter in colour. 

Molybdates are colourless unless they contain a coloured base. 
^Solutions of the alkaline molybdates yield with a preci])itate 
of molybdic trioxide, soluble in excess of the preci])itant. They 
are coloured yellow by hydrogen sulphide^ fi'om foniiation of a 
suljdiomolybdate of the alkali-metal, and then yield with acids a 
brown precijutate of molybdenum trisuly)hide. This is an ex- 
tremely delicate test for molybdic acid. They form white YU'eci- 
pitates with the salts of the earth-metals^ and j)recipitates of various 
colours wdth salts of the heavy metals. When ortho-phosphoric acid, 
or a liquid containing it, is added to the solution of ammonium 
molybdate, togetlier Avilh an excess of hydrochloric a(;id, the liquid 
turns yellow, and after a while deposits a yellow jirecijulale of 
molybdic trioxide, combined with small ([uantities of ])hosphoric 
acid and ammonia. This yuecipitate is soluble in ammonia and 
likewise in excess of the ydiospbale. The reaction is therefore esy)e- 
cially adapted for the detection of small cjuantities of phf)splu)rlc 
acid. The pyrophos]>hates and mebiphosphates do not y>roduce 
the yellow preclyutate. Arsenic acid gives a similar redaction. 

All the oxides of molylMleuum form, with borax, in the outer 
niow-j)iy)e flame, a bead which is yellow while hot, and colourless 
ou cooling ; in the inner flame, a dark brown bead, which is 
ipaqiie if excess of molybdenum is present. By long continued 
leating, the molybdic oxide may be separatejj in dark brown 
flakes, floating in the clear yellow glass. With phosphorus salt in 
the outer flame, all oxides of molyUlennni give a bead wliich is 
gi*eeiiish while hot, and colourless on cooling ; in the inner flame 
a clear green bead, from which moly bdic oxide cannot be separated 
by continued healing. 
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INTRODUCTION. 

Thk term “ Organic Chemistry” originally denoted the chcmistiy 
of compounds formed in the bodies of jdants and animals. The 
])eculiar characters of the compounds thus formed, and the failure 
of the earlier attempts to ]>i-odiice them by artificial means, led to 
tlie eiToneous idea that tbeii’ formation was due to a mysterious 
])ower called “ vital force,” supposed to reside in the living organ- 
i.sm, and to govern all the c.hangcs and jirocesses taking place 
udtliin it. In accordance with this idea, the chemisfry of organic 
couijxmnds, including those which wore formed by artificial pro- 
cesses from the jiroducts of vegetable and animal life, was erected 
into a special branch of chemical science. 

Later researches have, however, shown that a large number of 
compoumbs, formerly regarded as juodiudble only under the in- 
fluence of the 80-adied vital force, may be formed either by direct 
combination of their elements, or by chemical transformation of 
inorganic compounds. 

The first step in the formation of oigauic conifioiinds from their 
elements was made by Wiihler, who showed, in IHiM, that urea, 
the characteristic constituent of urine, can be juodiiced by mole- 
cular transformation of ammonium cyanate. This exi>eriment, 
viewed in connection with the fact esbiblished about twelve yearn 
afterwards, that cyanogen (ON) can be fonned by direct combina- 
tion of its elements, is conclusive of the possibility of forming a 
product of the living organism from inorganic materials. More 
recently it has been shown that ethine, or acetylene, (IjILj, can be 
be produced by the direct combination of carbon and hydrogen ; 
that this compound can be made to take up two additional atoms 
of hydrogen to form ethene, ; and that this latter compound 
can be converted jiilo alcohol, C2H(jO, a body formerly supposeil 
to be producible only by the fermentation of sugar ; and from this 
a large number of other compounds can be produced by the action 
of various reagents. The researches of Berthelot, Kolbe, Wurtz, 
and other distinguished chemists, have led to the discovery of a 
large nimiber of other cases of the formation of organic compoimds, 
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often of great complexity, from substancea of pui’ely mineral 
origin, and nltimately from the elements themselves. The divi- 
sion of compounds into two distinct bi'anches, inorganic and 
organic— formed according to distinct laws, the former being 
artificicilly producible by direct combi nation their elements, 
the latter only under the influence of a supposed vital force — must 
therefore be abandoned. There is, iiKieed, but one science of 
chemistry, of which the study ol the compounds called organiv, 
forms a part. 

Organic chemistry is in fact the chemistry of carhori-compoimds, 
and, in a strictly systematic arrangement, tliese compoimds should 
1)6 described in ccmnefition with the element carbon itself. But 
the compoiiiuls into which carbon enters are so numerous, their 
constitution and llie transformations which they undergo under 
the influence of lieat and of chemical reagents are, in many in- 
stances, so com]>licated, that it is found best, for the purposes of 
instruction, to defer their consideration till the other elements and 
their compounds have heeii studied. 

It is important, in this jilace, to mark the distincticai between 
organic compounds and organised bodies. Organic bodies, 
such as jnarsh gas, ethene, benzene, alcoliol, sugar, laorpliine, &c., 
are definite cliemical com})ouiids, many of which, as already 
observed, may be formed ))y artificial methods; those which are 
solid can, for the most part, be ciystalliseil ; those which are liquid 
exJiibit constant boiling points. Organised luulies, on the. con- 
trary, alw\ays consist of mixtures of several definite compounds. 
They never crystallise, but exhibit a fi1>roLis or cellular structure, 
and cannot be reduced to the ]i(|iiid or gaseous state without com- 
plete decomposition. Lastly, they are organs, oi* parts of organs, 
which are essentially products of vitality, and there is not the 
slightest prospect of their ever being j»roduc('(l by artificial means. 

The stiuly of the composition and chemical jelations of organ- 
ised bodies lM 3 loiigs to a special department of the science calhjd 
“ Physiological Chemistry,” wdiicJi bears the same rehition to 
Organic Cheniistry that Chemical Geology bears to Mineralogy. 


DECOMPOSITIONS AND TRANSKOHMATIONS OF ORGANIC COMPOUNDS. 

Organic bodies are, generally speaking, distinguished by tin* 
facility with which they decompose under the influence of heat or 
of chemical reagents ; the more complex the body, the more easily 
does it undergo decomposition or transformj^tion. 

1. Action of Heat , — Organic bodies of simple constitution and of 
some permanence, but not capable of subliming unchanged, like 
many of the organic acids, yield, when exposed to a high, but re- 
gulated temperature, in a retort, new compounds, perfectly definite 
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and often crystallisable, which partake, to a certain extent, of the 
])roperties o^ the original substance. Carbon dioxide and water are 
often eliminated under these circumstances. If the heat be sud- 
denly raised to redness, the regularity of the decomposition 
vanishes, while ttes products become more uncertain and more 
numerous ; carbon dioxide and watery vapour are succeeded by 
inflammable gases, as carbon monoxide and hydrocarbons; oily 
matter and tar distil over, and increase in quantity until the close 
of the operation, when the retort is found to contain, in most cases, 
a residue of charcoal. Such is dry or destructive distillation. 

If the organic substance contains nitrogen, and is not of a kind 
capalde of taking a new and permanent fonn at a moderate degree 
of neat, then that nitrogen is in most instances partly disengaged 
in the shape of ammonia, or substances analogous to it, partly left 
in combination with the carbonaceous matter in the distillatory 
vessel. The })roducts of dry distillation thus become still more 
complicated. 

A much greater degree of regularity is observed in the effecis of 
heat on fixed organic matters, when these are previously mixed 
with an excess of strong alkaline base, as potash or lime. In 
such cases an acid, the nature of which is chiefly dependent upon 
the temi^erature a])plied, is j)roduced, and remains in union with 
the base, the residual element or elements escajnng in some 
volatile form. Thus benzoic acid distilled with calcium hydrate, 
at a dull red heat, yields calcium carbonate and benzefie; woody 
[ibre and caustic potash, heated to a very moderate temperature, 
yield free hydrogen, and a brown, somewhat indefinite substance 
r.alled ulmic acid; with a higher degree of heat, oxalic acid appears 
in the place of the ulmic ; and, at the temperature of ignition, 
(iarl)on dioxide, hydrogen l)eing the other product. 

2. Action of tlrygen. — Oxygen, either free or in the nascent 
state, in which latter condition it is most active, may act on organic 
com])ounds in four different ways ; — 

flt. By simple addition, as 

+ O - C2H4O0 

Aldehyde. Acetic acid. 

S. 13y simply removing li 3 '(li‘ogen : 

CgHeO + O = HjjO + C2TI4O 

Alcohol. Aldehydc- 

y. By removing hydrogen and taking its place, 2 atoms oi' 
hydrogen being rejdaced by one of oxygen ; e.g,: 

C2H3O + O2 - II^O + C2H4O2 

Alcohol. 0 Acetic arid. 

S. By removing both carbon and hydrogen. In this manner 
complex organic bodies containing large numbers of carbon and 
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hydrogen atoms are reduced to others of simpler constitution, and 
ultimately the carbon and hydrogen are wholly converted into 
carbon dioxide and water. Nitrogen, chlorine, bromine, and 
iodine, if present, are at the same time disengaged, for the most 
part in the free state, and sulphur is oxidised. 

Moist organic substances, especially those containing nitrogen, 
undergo, when exi)oscd to the air, a slow ]>rocess of oxidation, by 
which the organic matter is gradually burned and destroyed without 
sensible elevation of temperature: this process is called Decay ^ or 
Eremacausis. Closely connected with this change are tliose 
called Fermentation and Putrefaction^ consisting in a new arrange- 
ment of the elements of the compound (often with assimilation of 
the elements of water), and the consef|uent formation of new pro- 
ducts. The change is called putrefaction^ when it is accrmpanied 
by aJi oliensive odour ; fer7rientation, when no such odour is 
evolved, and esi^ecially if the change results in the formation of 
useful products; thus the decomposition of a dead body, or of blootl 
or urine, is putrefaction; that of gra])e- juice or malt- wort, which 
yields alcohol, is fermentation. Putrefaction and fermentatioti are 
not proc.esses of oxidation ; nevertheless, the presence of oxygen 
appears to be indispensable to their commencement ; but the 
change, when once begun, proceeds without the aid of any other 
substance external to the decomposing body, unless it be water or 
its elements. Every (’.ase of jnitrefaction thus begins witJi decay ; 
and if the/decay, or its cause, namely, the absor])iion of oxygen, 
be prevented, no putrefaction o(*,curs. The most putrescible sub- 
stances, as animal flesh intended for food, milk, {ind highly 
azotised vegetables, are ])reserved indefinitely, by inclosure in 
metallic cases from Avhich the sir has been completely removed 
and excluded. 

Fermentation an<l j)utr(Ta(jtion arc always acconi])aiiied by the 
develojmient of certain living organisms of the fungous class ; 
but whether the growth oi‘ these is a cause or a consequence of the 
chemical change is a jxnnt not yet decided. We shall return to 
this subject in speaking of tlie fermentation of sugar. 

3. Action of Chlorine^ Bromine^ and Iodine . — Chlorine and bro- 
mine exert precisely similar actions on organic bodies ; that of 
chlorine is the more energetic of the two. The reactions consist : 

cc. In simple addition of chlorine or bromine to the organic 
molecule; e.g.: 

+ Br, - 

F iirnai ic Dibromoaiwjcinic 

acid. acid. 

,3. In removal of hydrogen without substitution : 

CgHflO + Clg = 2HC1 + CgH^O 

Alcohol. Aldehyde. 
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y. Ill substitution of chlorine or l)romine for hydrogen ; 


Aeel ic 
acid. 

+ 

CI2 = 

HCl 

+ 

C2H3CIO2 

Cliloracetlc 

acid. 

C3H4O2 

Acetic 

acid. 


3C], = 

3HC1 


C 2 HCI 3 O 2 

Trichloi-acetic 

acid. 


The substitution-products thus foniied undergo transformations 
closely analogous to those ol‘ the original comj)ounds, under the 
influence of similar reagents ; but they are always more acid, or 
less ]>asylous, in proportion to the quantity of chlorine or bromine 
substituted for hydrogen. Thus aniline, which is a 

strong base, may be converted, by pi^ocesses to be hereafter de- 
scribed, into the chlorinated comi^ounds, (!!gH^jClN, f-eH^^Cl^N, 
and C^H 4 (fl 3 N, the first and second of which are less basic than 
aniline itself, while the third does not show any tendency to form 
salts with acids. 

S. In presenccj of water they remove the hydrogen of lhat liquid, 
and set tree the oxygen : hence, chlorine- water and bromine- water 
act as powerful oxidising agents. 

Iodine may also act in this manner as an oxidising agent; and it 
sometimes attaches itself directly to organic molecules; but it 
never acts directly by substitution. Iodine substitution-products 
may, however, be obtained in some cases by treating organic bodies 
with chloride of iodine, the chlorine then removing hydrogen, and 
the iodine taking its place. 

4. Action of Nitric Acid . — This acid acts very pow^erfully on 
organic substances. The action jnay be of three kinds ; 

a. Diiect combination, as wdth organic bases; e.y.: 

(J.HyN + NO^H = (^JlyN.NO^H 

I'thyUiinine. Nitric Ktliylaminc 

acid. nitrate. 

/ 3 . Oxidation. This mode of action is most frequently observed 
willi the somewhat diluted acid. 

y. Substitution of nitryl (NO.^) for hydrogen ; e.g.: 

CeH, + NO, (OH) - H^O + CV.H,(NO,) 

Benzene. Nitric acid. Nitrobenzene. 

+ 3NO,(On) == 3HP + C„H,(N02)30, 

Cellulose. Nitric acid. Tritrocellulose 

(fcun-cotton) 

This action takes place most readily with the strongest nitric 
acid (pure hydrogen nitrate). The products (called nitre -com- 
pounds) are always easily coml)Ustible, and in many cases highly 
explosive. 

5. Action of Alkalis . — The hydrates of potassium and sodium 
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act on organic l)odies in a grejit variety of ways, the most important 
and general of which are the following : — 

By direct comhination : 


CO 


KIIO = 

CHKO2 

Carbon 


Potassium 

Potassium 

monoxide. 


bydiatc. 

foniiate. 

CioHioO 

+ 

KHO = 

C,oH,,K02 

Camphor. 


Potassium 
hydi ate. 

Potassium 

campholate. 


/ 3 . By donhle decomposition with acids, water being eliminated, 
and a salt produced : 

C2H4O2 + KHO = H.O + C2H3KO2 

Acetic acid. Potassium 

acetate. 

y. Oxidation, with elimination of liydrojfpii : 

CgHgO + KHO = CaH,KOa + 2H2 

Alcohol. Potassium 

acetate. 

5. From chlorinated compounds they remove a part or the whole 
of the chlorine : 


C2H4CI2 

Ethene 

chloride. 

+ 

KHO 

= C’JIaCl 

Chlor- 

ethcnc. 

+ 

KCl 

+ 

n,,o 

C,HuCl 

Amyl 

ciilondc. 

+ 

KHO 

= C,Hio 
Amyl one. 

+ 

KCl 


H^O 


g. Amides (pp. 347, 511) are decomposed by them in such a 
manner that the whole of the nitrogen is given off as ammonia, 
and a potassium or sodium salt of the corresponding acid is pro- 
duced ; 

NH 2 .C 2 H 3 O + KHO = NH.J + C 2 H 3 O.OK 

Acetamide. Potassium 

acetate. 

Many other azotised organic compoimds, when healed with 
alkaline hydrates, likewise give U]) the whole of their hydrogen in 
the form of ammonia. 

6 . Action of Reducing Agents , — This name is given to bodies 
whose action is the inverse of that of oxygen, chlorine, hromine, 
and iodine ; such are nascent hydrogen, ol^tuined by the action of 
sodinniramalgam on water, or by that of zinc on aqueous acids or 
alkalis ; also hydrogen sulphide, ammonium sulj)hide, sulphurous 
acid, and metals, especially potassium and sodium, — all of whicli 
either give up hydrogen, or abstract oxygen, chlorine, &c. 
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deducing agents may act in the following way.s 
«. By adding hydrogen to an organic body : 

C2H4O + HH - CgHoO 

Ktliene Alcohol, 

oxide. 

/3. By removing oxygen, cJilorine, Inomine, or iodine, without 
introducing anything in its place; thus: 

+ HH = H2O + C,HbO 

Jlenzoic Benzoic 

acid. aldehyde. 

7, By substituting hydrogen for oxygen, clilorine, &c*. This 
])rocess is called inverse substitution, Tt may take place either in 
equivalent quantities; e,g.: 

CyH.O.OH + 2HH - lU) + 

Benzoic Benzylie 

acid. alcohol. 

or it may happen that the quantity of hydrogen introduced is 
only half that which is eciuivalent. to the o.vygen removed. This 
mode of substitution takes place with nitro-com[»onnds, which are 
thereby reduced to others containing amidogen, (NH^), in place 
ol‘ nitryl, (N 0^) ; tlms : 

C«H,(N02) + 3 II 2 - 2Tf/) + CgH^CNH^) 

Nitrobenzene. Amidobenzeiie 

(aniline). 

A large nuniber of organic bases are formed in this manner from 
nitro-compounds. 

7. Action of Dehjfdrating Agents . — Strong suljdiuric arid, sul- 
])huric oxide, phosphoric oxide, and zinc chloi’ide, remove oxygen 
and hydrogen from organic bodies in the form of water, tln^ 
(ilemeiits of which are derived, sometimes from a single molecule 
of the organic body, sometimes from two molecules: 


C^HeO ~ 

0 

II 


Alcohol. 


KtIUMU*. 

2C2TTeO - 

H 2 O = 


Alcohol. 


Ether. 


Compounds which, like sugar, starch, and woody fibre, consist 
of caibon united with hydrogen and oxygen in the proportions to 
form water, are often reduced by these dehydrating agents to 
black substances consisting mainly of carbon. 

Other reactions of less generality than those above described 
will be sufficiently illustrated by special cases in the sequel. 
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THE ELEMENTARY OR ULTIMATE ANALYSIS OF ORGANIC 
COMPOUNDS. 

Organic compounds contain, for the most part, only a small 
numher of elements. Many consist only of carbon and hydrogen. 
A very large number, including most of those which occur ready- 
formed in the bodies of plants and animals, consist of carbon, 
hydrogen, and oxygen ; others consist of carbon, hydrogen, and 
nitrogen. Others, again, including most of the proximate prin- 
ciples of the animal organism, consist of four elements, carbon, 
hydrogen, ox^^gen, and nitrogen. Some contain sulphur, phos- 
])horus, chlorine, and metallic elements ; in fact, artificuilly jne- 
pared carbon compounds may contain any elements whatevei*. 
Moreover, even those wliich contain only a small number of ele- 
ments often exhibit groat comi>lexity of structure, in consequence 
of the accumulation of a large number of carlxni-atoms in the 
same molecule. 

Determinatioyi of Carbon and Ht/drogeii . — Tbe quantities of these 
elements are determined by heating a knowm Aveight of the bo<ly 
to be analysed in contact with some easily reducilde metallic oxide, 
black oxide of cop])er being the substance generally used. The 
organic body then undergoes comjdete combustion at the expense 
of the oxygen of the copper oxide, the carl)on being coni])letely 
('onverted into carbon dioxide, and the hydrogen into water. 
These products are collected and their weights determined, and 
from the data thus obtained the quantities of carbon and liydrogen 
present in the organic substance are calculated. When nothing 
but carbon and liydrogen, or those bodies together with oxygen, 
is present, one experiment suffices ; the carbon and hydrogen are 
determined directly, and the oxygen by ditfereiice. 

The substance to be analysed, if solid, must be carefully freed 
from moisture. If it will bear the aj)pli cation of a moderate heat., 
this desiccation is very easily accomplished 
by a Avater or steam bath : in other cases, 
ex])osiire at common temperatures to the ab- 
sorbent poAvws of a large surface of oil of 
vitriol in the vacuum of an air-pump must be 
substituted. 

The dried poAvder is weighed in a narroAV 
open tube, about 2^ or 3 inches long ; the 
tube and substance are Aveighed together, and, 
Avhen the latter has been removed, the tube 
Avith any little adherent matter is re- weighed. 
This Iveight, subtracted from the former, gives 
the weight of the substance employed in the experiment. As only 
half a gram (5 or 6 grains) is used, the weighings should not involve 
a greater eri'or than a milligram (or part of a grain). 
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The cojjper oxide is best ma<Te from the nitrate by complete 
ignition in an earthen crucible ; it is reduced to jmwder and re- 
heated just before use, to expel hygroscojuc moisture, which it 
absorbs, even wliile warm, with avidity. The combuvstion is per- 
formed in a tube of hard white Bohemian glass, having a diameter 
of 0*4 or 0*5 inch, and vaiying in length from 14 to 18 inches : 
t his kind of glass bears a moderate red heat without becoming soft 
enough to loSe its shape. One end of the tube is drawui out to a 



I 

Copper oxi«U‘. Mixture. Copper oxide. 


])oint, as shown in fig. 148, and closed ; the other is simply heated 
to fuse and soften the sharp e<lges of the glass. The lul)e is now 
two-thirds filled with the yet warm coj^per oxide, nearl}" the whole 
of which is tiunsferred to a small ])orcelain or Wedgwood mortar, 
and very intimately mixed Avith the organic substance. The mix- 
ture is next transferred to the tube, and the mortar rinsed with a 
little fresh and hot oxide, which is added to the rest ; the tube is, 
lastly, filled to within an inch of the ()])en end with oxide from 
the crucible. A few gentle taps on the table suffice to sliake 
together the contents, so as to leave a free 2>iAKSsage for the evoh^ed 
gases from end to end. The arrangement of the mixture and oxide 
in the tube is represented in fig. 148. 

The tube is then ready to be placed in the furnace or chauffer : 
this, when charcoal is the fuel employed, is constructed of thin 
sheet-iron, and is furnished with a series of supports of equal 
lieiglit, which serve to prevent flexure of the combustion-tube 
when softened by Iieat. The cliauffer is ]>laced nj^on flat bricks 


Fiff, 149, 



or a piece of stone, so tliat but little air can enter the grating, unless 
the w’hole be purposely raised. A slight inclination is also given 
towards the extremity occupied by the mouth of the combustion- 
tube, which passes through a hole provided for that, purpose. 

To collect the water produced in the experiment, a small light 
tube of the form represented in fig. 150, or a U-tube, as in fig. 153, 
filled with fragments of spongy calcium chloride, is attached hy a 
lu'rforated cork, thoroughly dried, to the open extremity of the 
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corabustioii-tu})e. The carbon dioxifle is absorbed by a solution 
of caustic potash, of specific gravity 1*27, which is contained in a 
small glass apparatus on the princi2>le of a Woulfe’s bottle, shown* 
in fig. 151. The connection hetween the latter and the calciuin- 


Fig. 151. 



ihloride tube is completed by a little tube of caoutchouc, secured 
with silk cord. The whole is shown in fig. 152, as arranged for 
use. Both the calcium-chloride tube and the ]>otash aj)j)ai*atus are 
weighed with the utmost care before the experiment. 

Fig. 152. 



Drawing of the whole arrangement. 


The tightness of the junctions may be ascertained by slightly 
rarefying the included air by sucking a few bubbles from the inte- 
rior through the liquid, using the dry li])s, or, bettei’, a little bent 
tube with a perforated cork ; if the diiference of level in the liquid 
in the two limbs of the j^otash-apparatus be ])reserved for several 
minutes, the joints arc perfect. Red-hot charcoal is now placed 
around the anterior 2 )ortion of the combustion-tube, containing the 
2)ure oxide of copper ; and when this is red-hot, the lire is slowdy 
extended towards the farther extremity by shifting the movable 
screen rej)resented in the drawing. The experinjent must be so 
conducted, that an uniform stream of carbon dioxide shall enter 
the potash-apj)aratus hy bubbles which may be easily counted ; 
when no nitrogen is ])resenl. these bubbles are, towards the 
termination of the experiment, 'almost completely absorbed by 
the alkaline liquid, the little residue of air alone escai)ing. In the 
case of an azotised body, on the contrary, bubbles of nitrogen gas 
pass through the potash-solution during the whole process. 

When the tube has been completely heated from end to end, and 
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no more gas is disengaged, Lnt, on the otlier hand, absorption 
begins to be evident, the coals are removed from the farthest extre- 
mity of the combustion-tube, and the point of the latter broken 
olf, A little air is drawn through the whole ai)paratus, by which 
the I'emaining carbon dioxide and watery vaj^our are secured. The 
parts are, lastly, detache( , and the calcium-chloride tube and 
potash-apparatus re-weighed. 


« 



Tlie mode of heating the combustion- tube with red-hot charcoal 
is the original process, and still extensively emjdoyed, the con- 
struction of tlie furnace being most simple, and charcoal every- 
where acciessible. But, since the use of coal gas has been universally 
adopted in laboratories, many contrivances have been suggested 

Fig. ir>4. Fig. 155. 




by means of which this convenient fuel may be einjdoyed also in 
organic analysis. An apparatus of this kind* is the one represented! 
in fig. 153 , in which the combustion-tube is heated by a series of 
* Hofmann, Journal of Chemical Society, vol. xi. p. 30. 
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perforated clay-Toiirners. These clay-burners are fixed on pij^es 
provided with stopcocks, so that the gas may be lighted according 
to the requirements of the case. The stopcocks being appropri- 
ately adjusted, the gas burns on the surface of the burners with a 
smokeless blue flame, Avhich renders them in a short time incan- 
descent. The construction of this furnace is readily intelligible 
by a glance at figures 154 and 155, which exhibit the diflerent 
])arts of the apparatus in section, fig. 154 representing a large 
furnace with five rows, and fig. 155 a smaller fuinacc Avitli three 
rows of clay-burners. 

The following account of a real experiment will serve to illus- 
trate the calculation of the result obtained in the combustion of 
crystallised sugar: 

Quantity of sugar employed . . . 4’750 grains. 

Potash-apparatus weighed after expcuiment 781*13 
„ „ before experiment 773*85 

Carbon dioxide . . . 7*31 

Calcium-chloride tube after exi)eriment . 250*05 

„ before experiment . 223*30 

Water . . . . . 2*75 

7*31 gi’. carbon dioxide = 1*.994 gi*. carbon : and 2*75 gr. water -- 
0*3050 gr. hydrogen ; or in 100 parts of sugar,* 

Carbon 41*98 

Hydrogen . . . 0*43 

Oxygen, by difference . . 51*59 

100*00 

When the organic substance cannot be mixed with the copper 
oxide in the manner descri))ed, the process must be slightly modi- 
fied. If, for exanqde, a volatile liquid is to be examined, it is 
inclosed in a little glass bull) with a narrow vstem, which is weighed 
before and after the introduction of the liquid, the point being 
hermetically sealed. The combustion-tube must have, in this 
case, a much greater length ; and as the copper oxide cannot he 
introduced hot, it must l)e ignited and coolea out of contact with 
the air, to prevent ahsorj)tiori of watery vapour. This is most 


• The theoretical composition of sugar, 

CijjHggOii, reckoned to 100 

parts, gives— 

Carbon . . . . 

42*11 

PJydrogen 

6 ‘43 

Oxygen 

51-4C 


100*00 
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conveniently effected Ly transferring it, in a heated state, to a large 
platinum crucible to which a closely fitting cover can he adapted. 
When quite cold, the cover is removed and instantly reidaced by 
a dry glass funnel, by the assistance of which the oxide may be 
directly ])oured into the combustion-tube 
with merely momentary exposure to the Pig. 156*. 

air. A little oxide is put in, then tlie 
bulb, with its stem broken at a file- 
scratch having been previously made ; and, 
lastly, the tube is tilled with the cold and 
dry coj)per oxide. It is arranged in the 
chauffer, the calcium- chloride tube and 
j)otash - apparatus adjusted, and then, 
some six or eight inches of oxide having 
been heated to redness, the liquid in the 
bulb is, by the approximation of a hot 
c(»al, expelled, and slowly converted into 
vaj)our, which, in passing over the hot oxide, is completely burned. 
The ex2)eriment is then terminated in the usual manner. Fusible 
fatty and waxy substances, and volatile concrete bodies, as cam- 
phor, are jdaced in little boats of glass or jdatinum. 

Clipper oxide whi(‘h has been used, may be easily restored by 
moistening with nitric acid, and igniting to redness; it becomes, 
in fact, rather iinj)roved than otherwise, as, ai'ler freciucnt employ- 
ment, its density is increased, and its troublesome hygroscojnc 
l)owers diminished. For .substances which are very difficult of 
c.ombustion, from the large projKUlion of carbon they contain, and 
for conq)ounds into which chlorine enters us a constituent, fused 
and j)Owdered lead chromate is very advantageously .substituled 
for 1 he co2q>er oxide. Lead chromate freely gives tij) oxygen to 
combustible matters, and even evolves, whmi strongly heiited, a 
little of that gas, which thus eiisimc.s flie ])eri’ect combustion of the 
organic body. 

Analijsis of A^Mized Svhfitances . — The presence of nitrogen in an 
organic compound is (easily asciertained by heating a small j^ortion 
u ith solid potassium-hydrate in a tesl-tube ; the nitrogen, if present, 
is converted into ammonia, which may be recognised by its odour 
and alkaUiie reaction. 

In determining the carbon and hydrogen in such bodies, by 
c.ombustion with copper oxide, as above described, a longer tube 
than usual must be employed, and four or five inches of its anterior 
portion filled with coi)pcr-turnings rendered perfectly metallic by 
ignition in hydrogen. This serves to decompose any nitrogen 
oxides formed in the process of combustion, wliicb, if suffered to 
pass off‘ nndecomposetl, would be absorbed by the potash and 
vitiate the determination of the carbon. 

The nitrogen may he estimated either hy converting it into 

ammonia, by igniting the substance with an alkaline hydrate, as 




528 


THE ELEMENTARY OR ULTIMATE 


above mentioned, or hy evolving it in the free state and measuring 
its volume. 

1. By conversion into Ammonia: Will and Varrentraf)p^s inetliod. 
— An intimate mixture is made of 1 part caustic soda and 2 or 3 
parts quicklime, by slaking lime of good quality with the proper 
proportion of strong caustic soda, diying the mixture in an iron 
vessel, and then heating it to redness in an earthen crucible. Tlie 
ignited mass is rubbed to powder in a warm mortar, and carefully 
preserved from the air. The lime is useful in many ways ; it dimi- 
nishes the tendency of the alkali to deliquesce, facilitates mixture 
with the organic substance, and prevents fusion and liquefaction. A 
proper (luantity of the substance to be analysed, namely, from 5 to 
10 grains, is dried and accurately weighed out: tliis is mixed in a 
warm ])orcelain mortar with enough of the soda-lime to till two- 
thirds of an ordinary combustion-tube, the mortar being i-insed 
with a little more of the alkaline mixture, and, lastly, with a 
small quantity of i>owdered glass, which completely removes 
everything adherent to its surface ; the tube is then tilled to wdthin 
an inch of the open end with the lime-mixture, and ai’ranged in 
the chautfer in the usual manner. The ammonia is collected in a 
little apparatus of three bulbs (fig. 157), containing moderately 
strong hydrochloric acid, attached by a cork to the (tombustion- 
tube. Matters being thus adjusted, fire is applied to the tube 
eomniencing with the anterior extremity. When it is ignited 



throughout its whole length, and when no gas issiujs from the 
apparatus, the point of the tube is broken, ami a little air drawm 
through the whole. The acid liquid is then emptied into a cap- 
sule, the bulbs rinsed into the same, first with a little alcohol, and 
then repeatedly with distilled w'ater; an excess of pure platinic 
(‘hloride is added; and the whole evaporated to dryness in a water- 
bath. The dry mass, when cold, is treated with a mixture of 
alcohol and etlier, wdiich dissolves out the superfluous platinum 
chloride, but leaves untouched the yellow crystalline ammonium 
platiiiochloride. The latter is collected upon a small weighed 
filter, washed with the same mixture of alcohol and ether, dried at 
100°, and weighed ; 100 parts correspond to 6*272 parts of nitrogen. 
Or, the salt with its filter may be very carefully ignited, the filter 
burned in a platinmn crucible, and the nitrogen reckoned from 
the weight of the spongy metal, 100 parts of that substance cor- 
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responding to 14*18 parts of nitrogen. The former plan is to be 
])referred in most cases. 

Bodies very rich in nitrogen, as nrea, must be mixed with about 
an ecjual quantity of pure sugar, to furnish incondensable gas, and 
thus diminish the violence of the absorption which otherwise 
occurs ; and the same precaut: n must be taken, for a (bfferent 
reason, with those which contain little or no hydrogen. 

A modification of this process has been suggested oy Peligot, 
which is very convenient if a large number of nitrogen-determina- 
tions is to be made. By this plan, the ammonia, instead of being 
received in hydrochloric acid, is (‘-ondiicted into a known volume 
( tj> 1 cubic inch) of a standard solution of sulphuric acid, 
contained in the oidinary nitrogen-bulbs. After the combus- 
tion is finished, the acid containing the ammonia is poured out 
into a beaker, coloured with a drop of tincture of litmus, and then 
neutralised with a standard solution of soda in water, or of lim^ in 
sugar- water, the point of neutralisation becoming perceptible by the 
sudden appearance of a blue tint. The I ime-sol ution is conveniently 
]>oured out from an alkalimeter. The volume of lime-solution 
necessar}^ to neutralise the same amount of acid that is used for 
condensing the ammonia, having been ascertained by a prelimi- 
nary experiment, it is evident that the difference of the quantities 
used in the two ex])eriments gives the ammonia collected in the 
acid during the combustion. The amount of nitrogen may thus 
be calculated. If, for instance, an acid be prepared, containing 20 
grains of pure hydrogen sulphate (HgSO^) in 1000 grain-measures, 
tlien 200 grain-measures of this acid — the quantity introduced into 
the bulbs — will corresjiond to 1*38 grains of ammonia, or 1*14 grains 
of nitrogen. The alkaline solution is so graduated tiiat 1000 grain- 
measures will exactly neutralise the 200 grain-measures of the 
standard acid. If w*e now find that the acid, ]:)artly saturateil with 
the ammonia disengaged during the combustion of a nitrogenous 
substance, requires only 700 grain-measures t)f the alkaline aolu- 

tion, it IS evident that - = 60 grain-measures were 

saturated by the ammonia, and the quantity of nitrogen is ob- 
tained by the ju’oportion — 200 : 1 *14 = (U) ; x, wherefore x — 

= 0*342 grains of nitrogen. 

2. By meamrement as free Nitrogen , — When the nitrogen exists 
in the organic substance in the form of an oxide, as in nitrobenzene, 
CqH 5 (N 02 ), ethyl nitrite, C 2 H^(NO) 0 , &c., the preceding method 
cannot be employed, because tiiese nitrogen oxides are not com- 
pletely converted into ammonia by beating with alkaline hy- 
drates : it fails also in the case of certain organic bases. In such 
(*.ases the nitrogen must be evolved in the free state by heating the 
organic body with copper oxide ; and its volume determined by 
collecting it over mercury in a graduated jar. There arc several 
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ways of effecting this : the one moat freguentlj emj[)loje(l is that c 
Dumas, as simpJifled by Melsens. 

A tube of Bohemian glass, 28 inches long, is securely sealed at 
one end ; into this enough dry acid sodium carbonate is put to 
occupy 6 inches. A little pure copper oxide is next introduced, 
and afterwards the mixture of oxide and organic substance, the 
weight of the latter, between 4*5 and 9 grains, in a dry state, 
having been correctly determined. The remainder of the tube, 
amoimting to nearly one-half of its length, is then filled up with 
pure copper oxide and spongy metal, and a round cork, peimrated 


l-jg. 158. 



by a j)iece of narrow tube, is securely ada})ted to its mouth. This 
tube is connected by means of a caoutchouc joint with a bent 
delivery-tube, a, and the combustion-tube is arranged in the 
furnace. A few coals are now ai>plied to the farther end of the 
tube, so as to decompose a portion of the acid sodium carbonate, 
the remainder of the carbonate, as well as of the other part of the 
tube, being protected from the heat by a screen, n. The current 
of carbon dioxide thus produced is intended to expel all the air 
from the apparatus. In order to ascertain that tiiis object, on 
wliich the success of the whole operation depends, is accomplished, 
the delivery-tube is depressed under the level of a mercurial 
trough, and the gas, which is evolved, collected in a test-tube 
filled with concentrated potash-solution. If the gas be perfectly 
absorbed, or, if after the introduction of a considerable quantity, 
only a minute bubble be left, the air may be considered as ex- 
pelled. The next step is to fill a graduated glass jar two-thirds 
with mercury and one-third with a strong solution of potash, and 
to invert it over the delivery-tube, as represented in fig, 158, 

This done, fire is applied to the tube, commencing at the front 
end, and gradually proceeding to the closed extremity, which still 
contains some undecomposed acid sodium carbonate. This, when 
the fire at length reaches it, yields up carbon dioxide, which chases 
forward the nitrogen lingering in the tube. The carbon dioxide 
generated during the combustion is wholly absorbed by the potash 
in the jar, and nothing is left but the nitrogen, l^en the opera- 
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tion is at an end, the jar, with its contents, is transferred to a 
vessel of water, and the volume of the nitrogen read off. This is 
properly corrected for temperature, pressure, and aqueous vapour, 
and its weight determined by calculation. When the operation 
has been very successful, and al precautions minutely observed, 
the result still leaves an error in ex(iess, amounting to 0*3 or 0*5 
per cent., due to the residual air of the apparatus, or that con- 
densed in the pores of the copper oxide. 

A modification of the process, by which this error is considerably 
diminished, has been devised by Dr Maxwell Simpson.* 

The method just described is applicable to the estimation of 
nitrogen in the oxides and oxygen-acids of nitrogen, in metallic 
^nit^ates and nitrites, and, in fact, to the analysis of all nitrogenous 
bt/dles whatever. 

Analysis of Chlorinated Compounds. — The case of a volatile liquid 
containing chlorine is of very frequent occurrence, and may be 
taken as an illustration of the general plan of ])roceeding. The 
combustion with co})per oxide must be very carefully conducted, 
and two or three inches of the anterior portion of the tube kept 
cool enough to prevent volatilisation of the copper chloride into 
the calcium-chloride tube. Lead chromate is much better for the 
purt)Ose, 

The chlorine is correctly determined by placing a small weighed 
bulb of liquid in a combustion-tube, which is afterwards filled 
with fragments of pure quicklime. Tlie lime is brought to a red 
heat, and the vapour of the liquid driven over it, when the 
chlorine displaces oxygen from the lime, and gives rise to calcium 
chloride. When cold, the contents of the tube are dissolved in 
dilute nitric acid, the li(juid is filtered, and the chlorine precipi- 
tated by silver nitrate. 

Bromine and iodine arc estimated in a similar manner. 

Analysis of Organic Compounds containing Sulphur. — When a 
body of this nature is burned with copper oxide, a small tube 
containing lead oxide may be interposed between the calcium- 
chloride tube and the potash aY)paratus, to retain any sulphurous 
acid that may be formed. It is better, however, to use lead 
chromate in such cases. The proportion of sulphur is determined 
by oxidising a known weight of the substance with strong nitric acid, 
or by fusion in a silver vessel with ten or twelve times its weight 
of pure potassium hydrate and half as much nitre. The sulphur 
is thus converted into sulj)huric acid, the quantity of which can 
be determined by dissolving the fused mass in water, acidulating 
with nitric acid, and adding a barium salt. Phosphorus is, in like 
manner, oxidised to phosphoric acid, the quantity of which is 
determined by precipitation as ammonio-magnesian phosphate, or 
otherwise. 

* Quarterly Journal of the Chemical Society, vi. 299. 
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EMPIRICAL AND MOLECULAR FORMULA, 

A chemical formula is termed empirical when it merely give; 
the simplest possible expression of the composition of the 8ub= 
stance to which it refers. A molecular formula, on the contrary 
expresses the absolute number of atoms of each of its elements 
supposed to be contained in the molecule, as well as the mere 
numerical relations existing between them. The empirical formula 
is at once deduced from the analysis of the substance, reckoned to 
1 (K) parts. 

The case of sugar, already cited, may be taken as an example, 
This substance gives by analysis — 


Carbon 

41*98 

Hydrogen . 

6*43 

Oxygen . 

51*59 


100*00 


If each of these quantities be divided by the atomic weight of the 
corresponding element, |he quotients will express the relations 
existing between the numbers of atoms of the three elements : 
these are afterwards reduced to their simplest exj)ression. This is 
the only part of the calculation attended with any difficulty. If 
the numbers were rigidly correct, it would only be necessary to 
divide each by the greatest divisor common to the whole; but as 
they are only approximative, something is of necessity left to the 
judgment of the experimenter. 

In the case of sugar, we have 


41*98 _ 6*43 

— 3 oO , 

12 ’ 1 


6*43; 


51*59 

lb 


3*42, 


or 350 atoms carbon, 643 atoms hydrogen, and 342 atoms oxygen. 
Now it is evident, in the first place, that the hydrogen and oxygen 
are present nearly in the proportions to form water, or twice as many 
atoms of the former as of the latter. Again, the atoms of carbon 
and hydrogen are nearly in the proportion of 12 : 22, so that the 
formula C 12 H 02 O 11 appears likely to be correct. It is now easy to 
see how far this is admissible, by reckoning it back to 100 parts, 
comparing the result with the numbers given by the actual 
analysis, and observing whether the difference falls fairly, in 
direction and amount, within the limits of error of what may be 
termed a good experiment, viz., two or three-tenths per cent, de- 
ficiency/ in the carbon, and not more than one-tenth or two-tenths 
uer cent, exceas in the hydrogen : — 
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Carbon 
Hydrogen . 
Oxygen . 


12 X 12 = 144 
1 X 22 =- 22 
16 X 11 - 176 


342 L 144 - 100 

342 : 222 --- 100 

342 : 176 - 100 


342 

: 42-11 
: 6-43 

: 51-46 


To determine the iflolecnlar formula, several considerations must 
be taken into account, namely, the combining or saturating power 
of the compound ; if it m acid or basic, the number of atoms of 
any one oi its elements (generally hydrogen) which may be 
re] by other elements; the law of even numbers, which re- 
quires that the sum of the numbers of atoms of all the perissad 
elements (hydrogen, nitrogen, chlorine, &c.) contained in the com- 
pound shall be divisible by 2 ; and the vai^our-density of the com- 
pound (if it be volatile without decomposition) which, in normally 
constituted compounds, is always half the molecular weight (p* 240). 

The molecular formula may either coincide with the empirical 
formula, or it may be a multiple of the latter. Thus, the compo- 
sition of acetic acid is expressed by the formula CHj^O, which 
exhibits the simplest relations of the three elements ; but if W(» 
want to express the quantities of these, in atoms, recpiired to make 
up a molecule of acetic acid, we have to adopt the formula 
CoH^Og : for only oiie-foui*th of the hydrogen in this acid is re- 
})laceable by metals to form salts, CgH^KOg, for example : and its 
vapour-density, compared with hydrogen, is nearly 30, which is 
half the weight of the molecule, CgH^Og = 2.12 + 4, 1+2.16. 
Again, the empirical formula of benzene is CH; but this contains 
an uneven number of hydrogen-atoms ; moreover, if it expressed 
the weight of the molecule of benzene, the vapour-density of that- 


compound should be 


= 6*5, whereas experiment shows that 


it is six times as great, or equal to 39: hence the molecular formula 
of benzene is 

Organic acids and salt-radic^als have their molecular weights 
most frequently deteimined by an analysis of their lead and silver 
salts, by burning these latter with suitable j)recautions in a thin 
porcelain capsule, and noting the weight of the lead oxide or 
metallic silver left behind. If the lead oxide be mixed with 
globules of reduced metal, the quantity of the latter must be ascer- 
tained by dissolving away the oxide with acetic acid. Or the lead 
salt may be converted into sulphate, and the silver compound ini o 
chloride, and both metals thus estimated. An organic base, on 
the contrary, has its molecular weight fixed by observation of the 
quantity of a mineral acid or organic salt-radical, required to fojni 
with it in compound having the characters of neutrality. 
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The rational and constitutional formula) of organic compounds 
will be considered further on. 

It is scarcely necessary to observe that the methods just de- 
scribed for determining the empirical and molecular formula of 
an organic comi)ound from the results of its analysis together 
with its physical properties and chemical reactions, are equally 
applicable to inorganic compounds. 


CLASSIFICATION OF OROANIC COMPOUNDS. — ORGANIC SERIES. 

The classification of organic compounds is based upon the equi- 
valence or atomicity of carbon. This element is a tetrad, being 
capable of uniting with at most four atoms of hydrogen or other 
monatomic elements. Mel.haiie or marsh gas, CH 4 , is therefore 
a satui-ated hydrocarbon, not capable of uniting directly with 
chlorine, bromine, or other monacl elements, but only of exchang- 
ing a pai*t or the whole of its liydrogen for an equivalent quantity 
of another monad element. It may, however, as already explained 
(p. 248), take up any number of dyad elements or radicals, because 
such a radical introduced into any group of atoms whatever, 
neutralises one unit of maui valency, and adds another, leaving 
therefore the combining Opacity or equivalence of the group just 
the same as before. Accordingly, the hydrocarbon, CH^, may 
take up any number of molecules of the bivalent radical, CHg, 
thereby giving rise to the series of saturated hydrocarbons, 

CH4, C^H,, C3HS, C4H10 . . . Cnri2n+2. 

A series of compounds, the terms of which differ from one 
another by CH 2 , is called a homologous series. There are 
many such series besides that of the hydrocarbons just mentioned ; 
thus methyl chloride, CH3CI, gives by continued addition of CHj,, 
the series of chlorides, 

CH3CI, C^H^Cl, C3H7CI, C4H9CI . . . Cnll2n+lGl; 

and from methyl-alcohol, CH 4 O, is derived in like manner the 
series of homologous alcohols, 

CH4O, C^HeO, C3H8O, C4H10O . . . CnH2u+20. 

The terms of the same homologous series resemble one another 
in many respects, exhibiting similar transformations under the 
action of given reagents, and a regular gradation of properties from 
the lowest to the highest; thus, of the hydrocarbons, CiiH 2 n-f- 2 , 
the lowest terms CH., CgH^, and GgHg, are gaseous at ordinary 
temperatures, the highest, containing 20 or more carbon-atoms, 
are solid, while the intermediate compounds are liciuids, becoming 
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more and more viscid and less volatile, as they contain a greater 
number of carbon-atoms, and exhibiting a constant rise of about 
20 ° in their boiling points for each addition of CHg to the mole- 
cule. 

The saturated hydrocarbons, CnH 2 n-f 2 > niay, under various cir- 
cumstances, be deprived of * vo atoms, or one molecule, of hydro- 
gen, t;hereby producing a new homologous series, 

CHg, C2H4, C3H,,, C^Hg . . . CnH2n. 

These are unsaturated molecules, having two units of equivalency 
uncombined, and therefore acting as bivalent radicals, cajmble of 
taking uj) 2 atoms of chlorine, bromine, or other univalent radi- 
cals, and 1 atom of oxygen or other bivalent radical. 

The first term of this last series cannot give up 2 atoms of 
hydrogen without being reduced to the atom of carbon; but the 
remaining terms may each give up 2 atoms of hydrogen, and thus 
give rise to the series, 

C2H0, C3H4, C4H, . . . C„H2n-2, 

each term of which is a quadrivalent radical. 

And, in like maimer, by successive abstraction of Hg, a number 
of homologous series may be formed, whose general terms are 

CnH2n+2, CnH2ilj CnH2n — 2>^C!nH2n— 4 . • • &C. 

The individual series, as far as are given in the following 
table, together with the names proposed for them by Dr. Hofmann 


CH, CH^ 

Methane Methene 


C2H„ 

C,II, 





Ethane 

Etheno 

Ethinc 





CaHe 

C3H4 

C3H2 



Propane 

Propene 

Propine 

Propone 



C4H10 


C 4 H 0 

C4H4 

C 4 H 2 


Quarane 

Quartene 

Quart! ne 

Quartone 

Quartune 




QHa 

CsHc 

C5H4 


Quintane 

Quinton e 

Quintinc 

Quinton e 

Quiiitune 


CnHx 4 



CcHa 

CcH„ 

C0H4 

Sextane 

Sextene 

Sextine 

Sexton e 

Sextune 



Each vertical colmim of this table forms a homologous series, 
in whi^h the terms differ by CHg, and each horizontal line an 
isologous series, in which the successive terms differ by Ho. 
The holies of these last series are designated as the monocarbon, 
tlicarbon grouj), &c. 

The formulae in the preceding table represent hydrocarbons, all 
* Proceedings of the Royal Society, xv. 57. 
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of which are capable of existing in the separate state, and many of 
which have been actually obtained. They are all derived jfroni 
saturated molecules, CnH 2 n 4 -i, by abstraction of one or more pairs 
of hydrogen-atoms. 

But a saturated hydrocarbon, CH 4 , for example, may give up 
I, 2 , 3 , or any number of hydrogen-atoms in exchange for otlier 
elements ; thus, Inal’s!! gas, CH 4 , subjected to the action of chlorine 
under various circuiiistances, yields the substitution* products, 

CH 3 CI, CH,CL, CHCI 3 , CCI 4 , 

which may be regarded as compounds of chlorine with the radicals, 

(OH,r, C-; 

and in like manner each hydrocarbon of the series, CnH 2 n-f 2 , may 
yield a series of radicals of tht; forms, 

(Cnllj^iy, (CnUjny\ ((Vllan^lX", CnH‘>n-~2)*^ &(*., 

each of which has an erjiii valent value, or combining power, coi- 
responding with the number of hy<lrogen-atoms abstracted from 
the original hydrocarbon. Those of even equivalence contain even 
numbers of hydrogen-atoms, ami are ulentical in composition with 
those in the table above given; but tliose of uneven equivalence 
contain odd numbers of lyrdrogen-atoms, and are incafable of 
existing in the separate staw, except, j)erhaps, as double molecules 
(p. 252). 

These hydrocarbon radicals of uneven ecjuivalence are designated 
by names ending in //7, tliose of the univalent radicals being 
formed from methane, ethane, &c., changing tin* termination 
ane into j/l; those of the tri valent radicals by changing tlie final c. 
in the names of the bivalent radicals, metheiie, &c., into f/l; and 
similarly for the rest. The names of the whole series wid there- 
fore be as follows : 


CH4 

^[ethane 

(CH3)' 

Methyl 

(CII2)" 

Metlieiie 

(OH)"' 

Methenyl 




C2U0 

Ethane 

Ethyl 

(C 2 n 4 )" 

Ethene 

Kthenyl 

(021^2^ *▼ 
Ethine 

(C2H)- 

Ethinyl 


C,H* 

Propane 

(Calb)' 

Piopyl 

(Cglb)" 
Pi opeiie 
Ae. 

(C.,U 5 y" 

Proi>eiiyl 

(C3H4)'v 

Pi opine 
Ac. 

(C:tlhy 

Propinyl 

Propone Proponyl 
Ac. 


From these hydrocaibon radicals, otUcrs of the same degree of 
equivalence may be tlerived by partial or total rejdacernent of t}](* 
hydrogen by other .elements, or compound radicals. Thus from 
propyl, C 3 H 7 , may l5e derived the following univalent radicals : 

C3H,C1 C3H3CI4 C3H,0 C3H2CI3O C,H,lCNy 

Chloropropyl Tctrachloro- Oxypropyl Trichlov- CyantpropyL 

propyl oxypropyl 

CgHeCNO^) C3H,(NH,)0 03*3(0113) C3H3(C^II,)3 

Nitiopropyl Ainidoxy propyl Metliyl-propyl lliethyl-iropyl. 
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From the radicals above mentioned, all well-defined organic 
compounds may be supposed to be formed by combination and 
substitution, each radical entering into combination, just like an 
elementary body of the same degree of equivalence. 

Organic compounds may thus be arranged in the following 
classes : 

A. Compounds not containing Nitrogen or the analogous elements^ 
Phosphorus^ ArseniCy &c, 

I. Hydrocarbons containing even numbers of hy- 
drogen atoms. — These are the compounds tabulated on page 
535 ; they are sometimes regarded as hydrides of radicals con- 
taining uneven numbers of hydrogen atoms; e.g.: 

Methane, CH^ = CH3.H, Methyl hydride. 

II. Alcoliols. — Compounds of hydrocarbon radicals (hence 
called alcohol-radicals)^ with hydroxyl ; ejj, : 


C,H,(HO) (C,H,r(HO), (C3H,r(HO), 

Kthyl al- Etheiie alcohol Propcnyl alcohol 

cohol. (Glycol). (Glycerin). 

These compounds may be formed from the corresponding haloid 
ethers, by the action of water or alkaUfc jus1i.as metallic hydrates 
are fonned fi*om the corresponding chlmides, &c. 

III. Haloid Ethers. — (Compounds of liydiocarbons with halo- 
gens ; e.g. : 

CH3CI C3H,l3 

Methyl chloride. Ktlienc bromide. Propeiiyl iodide. 

These compounds are formed by the action of haloid acids upon 
alcohols, or by direct substitution of chlorine, bromine, &c., for 
hydrogen in hydrocarbons containing even niunbers of hydrogen 
atoms. 

IV. Oxygen Ethers, or Alcoholic Oxides. — Compounds 
of hydrocarbon radicals with oxygen ; e.g. : 


Kthyl 

oxide. 


(c,H,y'o 

Ethene 

oxide. 


(C3H5y",03 

oxide. 


These ethers are related td the alcohols in the same mannei- as 
anhydrous metallic oxides to the corresponding hydrates or hydry- 
lates, and may he formed, in many instances, Wy direct dehydra- 
tion of the alcohols, as by the action of sulphuric acid, zinc chloride, 
&c. 

V. Sulphur and Selenium Alcohols and Ethers. — Com- 
pounds analogous in composition to the oxygen alcohols and 
ethers, the oxygen being replaced by sulphur or selenium, Tlu* 
sulphur and selenium alcohols are also called mercaptans. 
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VI. Organo-metallic bodies. — Compounds of hydrocarbon 
radicals with monad, dyad, and tetrad metals ; e. g. : 


NaC,Hs 
Sodium cthidc. 

Hg"(CH3)Cl 

Mercuric chloro- 
metbide. 


Zn"(CHs)2 

Zinc mctbide 

Sn-(C,H,)3C1 

Stannic chloro- 
tilethyde. 


Sn'-CC^H,)- 

Stannic ethide. 

Sn'’(CH3)2l2 

Stannic dimethyl 
di-odidei 


VII. Aldehydes. — These are compounds intennediate between 
alcohols and acids. Thus : 


C^HeO CalliO 

Ethyl Acetic Acetic 

alcohoL aldehyde. acid. 

They are produced by oxidation of alcohols, and are reconverted 
into the latter by the action of nascent hydrogen. By further 
oxidation they are converted into acids. 

VIII. Ketones. — These are bodies derived from aldehydes by 
the replacement of 1 atom of hydrogen by an alcohol-radical ; e,(j,: 

Acetone, CgH^O = C2H3(CH3)0 . 

They are produced by the dry distillation of the calcium or barium 
salts of monobasic acids, and by other processes which will be 
mentioned further on. 

IX. Organic Acids. — Compounds of oxygenated radicals with 
hydroxyl; e.g,: 

C2H3O. HO (C^H.O^r . (H0)2 (CoH.O^)-. (H0)3 

Acetic acid. Succinic acid. Citric acid. 

These compounds are formed m a variety of ways ; among others, 
by oxidation of alcohols, and by the action of water on the corre- 
sponding acid halides, just as alcohols are formed from alcoholic 
chlorides. A very large number of them exist also ready -formed 
in the bodies of plants and animals. 

The hydrogen in the radicals of these acids may be more or less 
replaced by chlorine, bromine, nitryl, (NOg), and other chlorous 
radicals; thus, from benzoic acid, Cyll^O.HO, are derived: 

C7H4CIO. HO C^H,(N02)0. HO C^H3(NH2)0. HO 

Chlorobenzoic Nitrohenzoic Amidobenzoic 

acid. acid. acid. 

X. Acid Halides. — Compounds of oxygenated radicals (acid 
radicals) with chlorine, &c. ; e.g.: 

C2H3O.CI (C^HAy'Clg (C«H,0)4'"C1., 

Acetyl Succinyl Citryl chloride, 

chloride. chloride. 
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These compounds are formed by the action of the chlorides 
bromides, &c., of phosphorus on the compounds of the next class! 

XI. Acid Oxides, some^ nes called Anhydrous acids, or 
Anhydrides; e.g.: 

(C2H30)20 (C4H402)"0 (C2H30)(CyH50)0 

Acetic oxide. Succinic oxide. Acctobenzolc oxide. 


Those are related to tlie acids in the same maimer as the oxygen- 
ethers to the alcohols, and are formed from them in some instances 
by direct dehydration. 

XII. Ethereal Salts, also called Compound Ethers. — 
Compounds formed from acids by substitution of alcohol-radicals 
for hydrogen, just as metallic salts are produced T)y substitution 
of metals for the hydrogen in acids ; e. cj, : 


C2H3O2.H 

Acetic 

acid. 

C2H3O3.C2II3 

Ethylic 

acetate. 


SO4.HH 

Sulphuric 

acid. 

S04.(02H3)H 
Monet hylic 
sulphate. 

S0,.(C2H3)2 

Dictliylic 

sulphate. 


PO4.HHH 

Phosphoric 

acid. 

P 04 .(C 2 H 3 )HH 

Monethyllc 

phosjdiate. 

P04.(C2H3)2H 

Diethylic 

phosphate. 


P04.(C2H3)3 
Triet hylic 
phosphate. 


They are produced in many cases by heating an acid or the cor- 
responding chloride with an alcohol. 


B. Compounds contaming Nitrogen or its Analogues. 


1. Amines, also called Alcohol-bases, or Compound 
ammonias. — Compounds of alcohol-radicals with amidogen, 
(NHgX, imidogen, (NH/', and trivalent nitrogen; e.g.: 


Ethylamine. 

(C2H4)".(H2N)2 

EthenC'diamine. 


(02113)2- HN 

Diethylamine. 


(C2H4y'2.(HN)2 

Diethene-diamine. 0 


Triethylamine, 


(C2H4)"2.N2 

Triethene-diamine. 


The modes of formation of these bodies will be explained here- 
after. They are mostly of basic character, and capable of forming 
salts with acid.s, like ammonia, H3N, from which they may, in 
fact, be derived by substitution of alcohol-radicals for part or the 
whole of the hydrogen. Those in which the hydrogen is wholly 
thus replaced are called nitriles; and among these special men- 



540 


CLASSIFICATION OF ORGANIC COMPOUNDS. 


tion must be made of a group consisting of nitrogen combined w ith 
a trivalent hydrocarbon radical, such as — 

(CHy"N (CTO-N (C,HJ"N 

Metlmtyl Ethenyl Piopcnyl 

nitrile. nitrile. nitrile. 

These nitriles have no basic properties, hut are all neutral, 
except the first, which is a monobasic acid, ca]>able of exchan</in^^ 
Its hydrogen for inetiih, and in this character may 1 h? regarded as 
a c(^pound of hydrogen with the univalent ladical cvaiiogeii 
— C—^ ; it is according^ named hydrogen cyanide, or 
hydrocyanic acid, and rne other nitriles homologous with it 
are the ethers of this acid ; thus : 

Metheiiyl nitrile, = CX .H, Hydrogen cyanide, 

Ethenyl nitrile, .(C.,H3y"X = CN . CH3, Methyl cyanide, 
Propenyl nitrile, (OgH-X'^N = CN . Cgllg, Ethyl cyanide. 

The metallic cyanides have been already noticed (p. 300 ). 

II . Alcoholic Ammonium-com j)ounds. — ^^Coinpounds con- 
taining pentad nitrogen, and having the composition of ammonium 
salts in which the hydrogen is more or less replaced by alcohf^l 
radicals ; c.</. ; 

N''(C2H3)II3C1 Ethylamnionium chloride, 

NXC^HgX^HijCl Diethylammonium chloride, 

Triethylammonium chloride, 

N’'(C2H5)4C1 Tetrethylammonium chloride, 
N’(C2H5)4(H0) Tetrethylammonium hydrylate. 

This last comi)ound and its analogues, containing meth>l, 
amyl, &c., are powerful alkalis, obtainable in the solid state, by 
evaporation of their aqueous solutions, as white delicjuesceiit 
crystalline masses resembling caustic jjotasli. 

III. Phosphorus, Arsenic, and Antimony compounds, 
analogous to the nitrogen compounds I. and II. ; e.ff. : 

P-(CH 3)3 As-(C 2 H 6)3 Sb-(C2H,)3 

Tliethyl phosphine. Triethyl-tirslne. Tricthyl-stibinc. 

P'(CH 3 ),C 1 A 8 '(CH 3 XC 2 Hs) 3 C 1 Sb'(C2H3),(HO) 

Tetramethyl-phos- Methyl-tiiethyl-arsonium Tetrethyl-stibonuim 

phoiilum chloride. chloride. hydrate. 

IV. Am ides, — CcSapounds exactly analogous to the amines, 
but with acid radicals instead of alcohol radicals ; those which 
contain bivalent acid radicals combined with imidogen, (NH)", 
are called imides ; e.[/. : 

Acetamide, , C.^HaO.HgN Succiiiamide, (04^1402)'' .(Il2X)2 
Biacetamide, (C.^HaO)2.Hl*I Trisuccinamide, (0411402)3" .N'"2 
Succinimide, (C4H402)"HN Citramide, (^^H^O.)"' .X'" 
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V, Amic acids. — ^Acids consisting of a bivalent or tri valent 
acid radical combined with hydroxyl and with amidogen ; e.g. : 

Succinamic acid, (C 4 H 402 yMI 0 .HoN 
Citramic acid,* .(HN)^ 

Each of the classes of carbon compounds above enumerated may 
be divided into homologous and isologous series, though in most 
cases these series are far from being complete. 

Further, organic compounds may be divided into two great 
groups, called the Fatty and Aromatic groups, each including 
hydrocarbons, alcohols, acids, bases, The corresponding com- 
pounds in these two grouj^s are distinguished from one another by 
w^U marked characters, suj)posed to depend upon the arrange- 
nient of the carbon-atoms in their molecules. 

The preceding classes, most of which have their analogues 
amongst inorganic comj)ounds, include nearly all artificially pre- 
pared organic bodies, and the majority of those produced in the 
living organism. There are still, however, many compounds 
formed in the bodies of plants and animals, the chemical relations 
of which are not yet sufficiently well made oUt to enable us to 
classify them with certainty. Such is the case with many vege- 
table oils and resins, with most of the alkaloids or basic nitro- 
genised compounds found in plants, such as morphine, ([uinine, 
strychnine, &c., and several definite compounds formed in the 
animal organism, as albumen, fibrin, casein, and gelatin. 

Rational Forimdce of Organic CoTYvpounds. — It must be distinctly 
understood that the formulae above given are not the only ones by 
which the constitution of the several classes of organic compounds 
may be represented. Eational formula? are intended to represent 
the mode of formation and decomposition of compounds, and the 
relation which allied compounds l)ear to one another : hence, if a 
compound can, under varying circumstances, split u]) into differ- 
ent atomic groups or radicals, or if it can be formed in various 
ways by the combination of such radicals, different rational 
formula? must be assigned to it. This point has been already 
noticed in connection with the constitution of metallic salts, and 
illustrated especially in the case of the sulphates (p. 306) ; but 
organic compounds, which for the most part contain larger num- 
bers of atoms, and are therefore capable of division into a greater 
number of groups, afford much more abundant illustration of the 
same principle. Take, for example, acetic ♦acid, the molecular 
formula of which is O 2 H 4 O 2 . This may be resolved into the 
following rational formula) : 

1. CoHLOg.H. — This formula, analogous to that of hydrochloric 
acid, cl if, indicates that a molecule of acetic acid can give up one 

* This compound is not actually known ; hut its derivative, phony I- 
citramic acid (CeH504)'".CgH50.HN, has been obtained. 
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itom of hjjjirogen in exchange for a univalent metal or alcohol- 
adical, forming, for example, sodium acetate, 0oH30^.Na, ethyl 
acetate, C2H3O.O2H5, &c. ; tnat two molecules of tne acid may give 
ip two hydrogen-atoms in exchange for a bivalent metal or alcohol- 
adical, lorming barium acetate, (0QHj,02)2Ba", ethene acetate, 
€211302)2.(02114)", &c. ; in other words, that acetic acid is a mono- 
basic acid 307). 

2. C2H3O . HO. — This formula, analogous to that of water, 
T.HO, corresponds to such reactions as the formation of acetic 
i,cid from acetic chloride by the action of water ; 

C 2 H 3 O.CI + H^IIO = HCl + C 2 H 3 O.HO. 

3. C2H3O.H.O. — This formula, also comparable to that of 
7ater, H.H.O, corresponds to the conversion of acetic acid into 
cetic chloride, hydrochloric acid, and phosphorus oxychloride, by 
he action of phosphorus pentachloride : 

C2H3O. H. O + PCI3. CI2 == C2H3O . Cl -f HCl + PCl^O ; 

Iso to the formation of thiacetic acid, C2H3O. H.S, by the action 
)f phosphorus pentasulphide on acetic acid : 

5(C2H30.H.0) + P 2 S, = 5(C2H30.H.S) + P 2 O 3 . 

4. (C2H3)"'. HO.O. — This represents the formation of acetic 
icid from ethenyl nitrile, (C2H3y"N, by heating with caustic 
ilkalis : 

(C,H3r''N + I = NH3 + (03113)'". O. HO . 

Ethenyl Water, 

nitrile. 

5. (C0.CH3).H0. — This formula, in which the radical acetyl, 
U2H3O, is resolved into carbonyl, (CO)", and iriethyl, corresponds : 

ec. To the decomposition of acetic acid by electrolysis, in which 
lydrogen is evolved at the positive pole, while carbon dioxide and 
ithane, CgHg, appear at the negative : 

2(C0.CH3.H0) = Hg + C2H3 + 2CO2. 

/3. To the production of methane (marsh gas) by lieating potas- 
dum acetate with excess of potassium hydrate (p. 165): 

CO.CH 3 .KO + HKO = CH 4 + (C0)".(K0)2. 

Potassium acetate. Potassium Methane. Potassium 

hydrate. carbonate. 

y. To the production of acetone and barium carbonate by the dry 
istillation of barium acetate ; 

(C 0 .CH 3 ) 2 .Ba "03 = (C0)"(CH3)2 + (C0)"Ba"02. 

Barium acetate. Acetone. Barium 

carbonate. 
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Now, on comparing these several rational fonnuls^ it will he 
seen that they are all included under the constitutionfu formula, 

H O 

I II 

H— ( _C— O— H, 

H 

t 

ill which the molecule is resolved into its component atoms, and 
these atoms are grouped, as far as possible, according to their difi’ei’- 
ent equivalences, or combining capacities. These constitutional 
formulae are the nearest approach to the representation of the true 
constitution of a compound that our knowledge of its reactions 
enables us to give ; but the student cannot too carefully bear in 
mind that they are not intended to represent the actual arrange- 
ment of the atoms in space, but only, as it were, their i*elative 
mode of combination, showing which atoms are combined together 
directly, and which only indirectly, that is, through the medium 
of others. Thus, in the formula of acetic acid, it is seen that three 
of the hydrogen-atoms are united dire(‘tly with the carbon, while 
the fourth is united to it only through the inediimi of oxygen ; 
that one of the two oxygen-atoms is combined with carbon alone, 
the other both Avith carbon and Avith liydrogen; and that one of 
the carbon-atoms is combined with the other carbon-atom and 
with hydrogen ; the second with carbon and Avith oxygen. Abun- 
dant illustration of these principles will be afforded by the special 
descriptions of organic comiAounds in the following pages. 

Isomerism. — Two compounds are said to be isomeric, when 
they have the same empirical formula or percentage composition, 
but exhibit different properties. A few examples of isomerism are 
met with amongst inorganic compounds ; l)ut tliey are much more 
numerous amongst organic or carbon compounds. 

Isomeric bodies may be divided into two principal groups, 
namely : 

A. — Tliose winch have the same molecular Aveight ; and these 
are subdivided into : 

«. Isomeric bodies, strictly so called, namely, those which 
exhibit analogous decompositions and transformations when heated, 
or subjected to the action of the same reagents, and differ only in 
physical properties. Such is the case Avith the volatile oils of 
turpentine, lemons, juniper, &c., all of which have the composition 
CjoH^q, resemble each other closely in their chemical reactions, 
and are distinguished chiefly by their odour and their action on 
polarised light. 

/3. Metameric bodies, Avhich, with the same percentage com- 
position and molecular weight, exhibit dissimilar transformations 
under similar circumstances. Thus the molecular formula, 
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C.,H0O2, represents three different bodies, all exhibiting different 
modes of decomposition under the influence of caustic alkalis, 
viz., (1) Propionic acid, CgllgO. OH, which is converted by caustic 
])otash, at ordinary temperatures, into pobissium propionate, 
CgHgO.OK. — (2) Methyl acetate, CgHgO.OCHg, a neutral liquid 
not acted upon by potash at common temperatures, but yielding, 
when heated with it, potassium acetate and methyl alcohol : 

C2H3O.OCH3 + KOI! = C2H3O.OK + CHg.OH. 

(.‘J) Ethyl formate, CHO.OCgllg, converted in like 'mannei*, by 
heating with potash, into potassium formate, CHO.OK, and 
ethyl alcohol, 02115.011. 

These three compounds may be represented by the following 
constitutional formulae, the dotted lines marking the dividon into 
radicals indicated by the rational formulae above given : 


HgC 

Hi 


0 = 0 - 


0— H, 



Propionic acid. Methyl acetate. 


Ethyl fonnate. 


}j. — Compounds which have the same percentage composition, 
imt differ in molecular weight ; such bodies are called polymeric. 
4 ’lie most striking exjimple of polymerism is exhibited by the 
hydrocarbons Call,,, all of which are multiples of the lowest, 
namely, methene, CHg. Another example is afforded by certain 
natural volatile oils, which are polymeric with oil of turpentine, 
and have the formulae, CgoHgg, C35H45, &c. All polymeric com- 
pounds exhibit regular gradations of boiling point, vapour-density, 
aiid other physical characters, from the lowest to the highest. 
Some are chemically isomeric, exhibiting analogous transforma- 
tions under similar circumstances, wliile others are metameric, 
exhibiting dissimilar reactions under given circumstance.s. 
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ORGANIC BODIES NOT CONTAINING NITROC^N OR 
ITS ANALOGUES. 


A. Fatty Group, 
KYDBOCAltBONS. 


First Skries, CnH2n-i-2 . — Pau^^ffins.* 


This series, as already observed, consists of saturated liydrocar- 
bons, not capable of uniting with any other bodies, simple or 
coiiipouiid. The names and formulae of the first six are given in 
the table on page 535 ; the following terms may be called, septam 
or heptane^ octAine^ noncme^ decane^ undecane^ dode^ane, &c. 

All the members of the series above the first, CH 4 , may be 
regarded as derived from that compound by replacement of one of 
the hydrogen-atoms by a univalent hydrocarbon radical of the 
series CnH 2 n+i (p. 536); thus: 


Methane CIT 4 
Ethane = C 

Propane CmH^ = C 

Quartane C 4 H 4 g = C 


CH 3 

C 3 H, 

^3 
&c. 


= C 

= c 


CH2CH3 

H 3 

&C. 


( CHpCHoCH, 

i h; ^ ^ 


Occurrence and Formation. — Many of the i)araffins occur ready- 
formed in American petroleum and other mineral oils of similar 
oi;igin. They are formed artificially' by the following processes : 

1 . By the simultaneous action of zinc and water on the alco- 
holic iodides (p. 537), comj)ounds derived from these same hydro- 
carbons by the substitution of one atom of iotliiie for hydrogen. 

This reaction, which appears to be ajiplicable to the formation 
of the whole series of paraffins, is represented by the general 
equation : 

2CnH2n+l I + Z 1 I 2 + 2 H 2 O = ZnHgO., + Znia + 2CnH2n+2 

Alcoholic Paraffin. 

iodide. 

As an example, we may take the formation of ethane from 
ethyl iodide : 

2C2HJ + Zn 2 + II2O = ZnlTgO^ + Znig + 

* From pamm ajfiniSy indicating their chemical indifference. The name 
jiaraffin has long been applied to the solid compounds of the series, on 
account of this character ; and many of the liquid compounds of the same 
series are known commercially as para^n oils. It is convenient, therefore, 
to employ the term jiaraffin as a generic name for the whole series. 

2 M 
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2, All the i)araffins may be procUiccd by heating the alcojiolii* 
iodides with zinc alone. Generally speaking, however, two of 
these h;^ocarbons are obtained together, the first product of the 
reaction being a paraffin containing twice as many carbon-atoms 
as the alcohcnic iodide employed ; and this compound being then 
partly resolved into the paraffin containing half this number of 
carbon-atoms, and the corresponding olefine, C„H2„ ; thus : 



2C2HJ 

Ethyl lodido. 


Zn 

= Znlg 

+ 

C4H10 

Quartane. 

and 

C4H10 

Quartane. 



- 

Ethene. 

+ 

C^He 

Ktliane. 

Generally : 







2Cnn2n+lI 

+ 

Zn 

= Znig 


C2nH4n4-2 

and, 

G2nll4n-f 2 



= CnHan 

+ 

<^nHan (-2. 


3 . By the elecirolvsis of the fatty acids (CnH2n02). For 
example, a solution of potassium acetate, divided into two parts 
by a porous diaphragm, yields pure hydrogen, together with 
potash, at the negative electrode, and at the positive electrode (if 
of platinum) a mixture of carbon dioxide and etliane gases : 

2C2HA = 2OO2 + C2H, + H,. 

We may supi)ose that the two molecules of acetic acid are resolved 
by the current into EL and C4Hg04, and that the latter then sj)lits 
up into 2CO2 and CgHc* The general reaction is : 

2CnH2ii02 = 2CO^ C2n — 2ll4n — 2 “h H2* 

4 . Some ot the paraffins are obtained from acids of the series 
CnH2n02 and CnH2n— 2O4, by the action of alkalis, which abstract 
carbon dioxide from those acids, the hydrocarbon thus eliminated 
containing one or two atoms of carbon less than the acid from which 
it is produced. In this manner methane (marsh gas) is ol)tained 
by heating j>otassiiuii acetate with potassium hydrate (jj. 178) : 

CgH.OgK + HKO = CO3K, + CH4. 

Also sextane and octane, by similar treatment of tJie j)otassium 
salts of suberic acid, CgHj404, and sebacic acid, CiQHjg04 : 


Suberatc. 

+ 

2HKO 

= 2CO3K2 

+ 

c«ni 4 

Sextane. 

Sebate. 

+ 

2HKO 

= 2CO3K2 


Octane. 


Generally speaking, however, a further decomposition takes place. 
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resulting in t lie formation of liydrocarlions containing a smaller 
])roportion of hydrogen than the paralfins. ^ 

6. The paraffins may also he produced from the olefines, C„Hg„. 
by combiniim the latter with bromine, and heating the resulting 
compound, C,Hft,Br2, with a mixture of potassium iodide, water, 
and metallic copper. The bromine-compound is then decomposed, 
and the hydrocarbon, C„H2., is pai’tly reproduced in the free state, 
partly converted by the addition of hydrogen, into a paraffin. 

6. Several of the parailins are produced by the dry or destructive 
distillation of butyrates and acetates. 

7. They are also found amongst the products of the dry dis- 
tillation of coal, especially Boghead and Cannel coal, and, as 
already observed, they constitute the principal portion of many 
mineral oils, called peiroZeim, naphtha, or rock-oil, fonned by the 
gradual decay or decomposition of vegetable matter beneath the 
earth’s surface. By far the largest quantities of these oils are 
obtained from Canadca, Pennsylvania, and other parts of North 
America. Abundant petroleum springs exist, also, on the north- 
west of the Caspian Sea, near Biiku, at Bangoon in Burmah, ami 
in vanous parts of Italy. Tlie American petroleum consists 
almost whollj' of paraffins. Burmese tar contains, also, small 
<[uantities of hydrocarbons belonging to other seiies, especially 
hoinologues of benzene. 

8. Quintyl alcohol, or amyl alcohol, CgHjgO, distilled with zinc 
chloride, yields quintaue, 0^11,2, Rud several of its homologues, 
together with olefines and other hytlrocarbons containing still 
smaller jiroportions of hydrogen. 

9. Methane, or marsh gas, CII4, the first teim of the serie.s, is 
produced .synthetically by pa.ssing a mixture of hydrogen sulphide 
and vapour of carbon lasulpliide over red-hot coppei. The copper 
abstracts the sulphur from both compounds, and the carbon and 
hydrogen thus liberated unite to fonn marsh gas : 

aSa + 2H2S + Cu, = 4CuS + CH4. 

Properties and Reactions of the Paraffins . — The proi)erties oi 
methane have been already described (p. 178). Of the other 
paraffins, ethane, propane, and quartane are gaseous at ordinpy 
temperatures ; mo.st of the others are luiuids regularly increasing 
in specific gi'avity, viscidity, boih'ng point, and vapour-density, as 
their molecular weight becomes greater: those containing 20 carbon 
atoms or more are crystalline solids. The following tfible exhibits 
the specific gravities and boiling i)oints of the paraffins obtained 
from American petroleum : — 
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Name. 

Formula. 

Boiling-point. 




( 

Gaseous at ordi- 





Ethane 


nary tempera- 

V 

__ 


15 


tures. 

) 




Propane ... 

CsHg ^ 

99 


— 


22 

Quartan e .. 

C 4 H 10 

a little above O'" 

0-60 

at 

0° 

29 

Quintane ... 

CbH„ 

30° 

0*628 

99 

17° 

36 

Sextan e ... 

C«Hj, 

68° 

0*669 

9 9 

16° 

43 

Septane . . . 

('rHio 1 

92— 94° 

0*699 

9 9 

1.5“ 

50 

Octane 

CsHjg 

116—118° 

0-726 

9 9 

15° 

57 1 

Nonane ... 

1 C«Il3o 

136—138° 

0-741 

9 9 

15° 

64 1 

Decane 

CioH,, 

160— 162° 

0-757 

99 

15° 

71 ! 

Undecane 

CnH24 

180—184° 

0-765 

9 9 

16^ 

78 

Duodecaiic* . 


196—200° 

0-776 

99 

20^ 

85 

Tridecaru! . . . 

^13^28 

216—218*' 

0-792 

y 9 

20° 

92 

Quatuor- ) 
decane. ) 

^14^30 

236—240° 

- 



99 

Quindecane 

^15^32 

255—260° 




100 

t 


American 23etroleum likewise yields a quantity of liquid l)oi]in£? 
above 300° and doubtless containing j^araffins of still higher 
order. Some specimens of the crude oil, as it issues from the 
ground, contain ethane, CgHg, and propane, C^Ho, wljich are given 
off from it as gas at ordinary temperatures, in boring for oil also 
large (piantities of gas esca2>e, exhibiting the characters of methane; 
hence it is probable that in the great geological changes which 
have given rise to the separation of the petroleum, the whole 
series of paraffins have been formed from marsh gas U2>wards. 

Solid paraffin is a colourless crystalline fatty substance, probably 
consisting of a mixture of several of the higher membei’s of the 
series CnIT2n-f2. When heated for some time in a sealed lube, it 
is resolved, with little or no evolution of gas, into a mixture of 
olefines and paraffins of lower molecular weight, which remain 
liquid at ordinary temperatures. This transformation is easily 
understood; the hydrocarbon, C20H42, for example, might be 
resolved into or CeH^ + or + 

&c., the general equation of the decomi^osition being, 

CnH2n-f-2 = Cn — pH2(n — p)+2 “f" CpH2p, 

Paraffin. Paraffin. Olefine. 

Tlie product actually obtained is a mixtiu’e of several paraffins 
and several olefines.* 

* Thorpe and Young. Beri elite der Deiitschen Chemischen Gessel- 
sdiaft, 18/2, 53G. 
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Paraffin is found native in the coal-measures, and other hitii- 
minous strata, constituting the minerals known as fossil wax, 
ozocerite, liatchettin, &c. It exists also in the state of solution 
in many kinds of petroleum, and may be separated by distilling 
off the more volatile portions, and exposing the remainder to a 
low temperature. In a similar manner also may solid paraffin be 
obtained from the tar of wood, coal, and bituminous shale. It 
was first prepared by Eeichenbach from wood-tar. It is tasteless 
and inodorous, insoluble in water, slightly soluble in alcohol, 
freely in ether, and miscible in all proportions, when melted, with 
fixed or volatile oils. It bums with a very bright flame, and those 
varieties of it which melt at temperatures above C. (113'^ F.) 
are very hard, and well adapted for making candles. Paraffin 
is largely used also as a substitute for sulphur for dipping 
matches ; and Dr Stenhouse has patented its application to 
woollen cloths, to increase their strength and make them water- 
proof. More extensive, ho^vever, are the uses of the liquid com- 
pounds of the paraffin series, known in commerce as paraffin oil, 
photogene, solar oil, enpione, &c. These oils are largely used for 
burning in lamps ; and, when mixed with fatty oils, such as rape 
and cotton-seed oils, form excellent materials for lubricating 
machinery. For the former purpose they are exceedingly well 
adapted, as, with a proper supj)ly of air, they give a much brighter 
light than that obtained from fatty oils containing oxygen, and 
are much cleaner in use. 

It is necessary to observe, however, that natural petroleum and 
the oils obtained by the dry distillation of coal, &c., at low tem- 
peratures, are niixtures of a gieat number of paraffins differing 
greatly in volatility, and that to render them safe for burning in 
lamps of ordinary construction, they must be freed by distillation 
from the more volatile members of the series ; othenvise they will 
take fire too easily, and when they bec^ome heated, will give ofl* 
highly inflammable vapours, which, mixing with the air in the 
body of the lamp, may easily produce dangerously' explosive mix- 
tures ; serious accidents have indeed arisen from this cauSe. It 
has been found by experience that it is not safe to use paraflin oil 
which will take fire on the application of a match and burn con- 
tinuously, at a teiiLperature below 100® F. 

Substitution-products of the Paraffins, — Paraffins subjected to the 
action of bromine or chlorine, give up a pai^t, or in some cases the 
whole of their hydrogen in exchange for the halogen element. 
Thus equal volumes of chlorine and methane, CH 4 , exix)sed to 
diffused daylight, yield the compound CH3CI, called chloro- 
methane or methyl cliloride ; and, by further subjecting this product 
to the action of an excess of chlorine in direct sunshine, it may be 

coni- 
by a 
-pro- 


successively converted into the more highty chlorinated 
pounds CHgClg, CHCI3, CCI4. Ethane, CoBL, also yields, 
series of processes to be hereafter described, the substitution 
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ducts CgHgCl, C2H4CI2, C2H3CI3, C2H2CI4, C2HCI5, and CgClg; and 
similarly for the other compounds 01 the series. These bodies, 
which may be regarded as compounds of chlorine and other halo- 
gen elements with the radicals (Cllg)', (012)"^ (CH)'", &c., are 
called haloid ethers; the more important of them will be 
specially described in connection with tlie corresponding alcohols. 
When treated with water or aqueous alkalis, they exchange the 
haloid element for an equivalent quantity of hydroxyl, (HO), 
thereby producing alcohols (p. 537); and, on the other hand, they 
may be formed from the alcohols by the action of the chlorides, 
bromides, and iodides of hydrogen or phosi>horus. 

Nitric acid attacks the higher members of the paraffin series, 
forming nitro-compounds; octane, CgH^s, thus tieated, yields 
the compound, CgH.y^NO.,). The lower paraffins, on the other 
hand, are not affected in the slightest degree by nitric acid ; but 
by indirect means compounds may be formed, having the com- 
position of paraffins in which the hydrogen is ]nore or less 
replaced by nitryl ; for example, trinitromethane or nitrofonn^ 
CH(N02)3. 

Isomiiri^7n in the Paraffin series, — It has already l)ccn mentioned 
that these hydrocarbons are sometimes regarded as hydrides of the 
univalent alcohol -radicals Cnn 2 ii-hi, — metfiane, for examjde, as 
methyl-hydride, ILOHg, ethane as ethyl hydride, This 

view of their constitution is suggested by their formation by the 
action of water on the zinc-compounds of the same radicals ; e,r/, • 

Zn(OIL,)2 + 2 H 2 O = Znn202 + ^(H.CTLj) ; 

Zinc incthyJ. Methyl hydride. 


and by the facility with which they give up one atom of hydrogen 
in exchange for chlorine and bromine, whereas the replacement of 
the remaining hydrogen-atoms is much more difficult. On tlie 
other hand, all these hydrocarbons, except methane, may be 
regnrded as compounds of two half-molecules of alcohol-radicals, 
f^]H2n + i, thus : 

O 2 HC - or CIIg.CTIg 

Efiianc. Ethyl hydndc. Djinethjd. 

CsHg = II.CsHy or CTLj.aiL, 

Propane. Propyl hydride. Methyl-ctliyl. 


(^uartane. 


H.C 4 Hg or 
Quart yl 
hydi ide. 


C,n,.C.H, or 
Diethyl. 


( IH., .C.,Hr 
Methyl- 
propyl. 


This latter view appears to accord with their formation by the 
action of zinc on the iodides of the alcohol -radicals, which is 
similar to that of hydrogen by the action of zinc on hydriodic 
acid ; thus : 
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Zn + 2HI = Znia + HH 
Zn + aOoHgl = Znl- + C2H5.C.HC, 

''ll + CH3I + C2H5I = Znia + CH3.C2H5. 


The first three hydrocarbons of the series, however, viz., CH4 
CjHg, CgHg, exhibit exactly the same physical and chemical 
properties in whatever way they may be jirepared; and indeed 
t'ae constitutional fonnulai of these bodies, \nz. 

CH, 

CH3 I 

CH4 I CH2 


CH3 


CH,. 


that they are not susceptible of isomeric modifications, inas- 
mucli as there is but one way in which the carbon-atoms in either 
of them can be grouped ; in ethane each carbon-atom is directly 
ciynbined with three hydrogen-atoms and the other carbon-atom ; 
Lini whetlier we regard it as ethyl hydride, H — CH2CIf3, or as 
dinethyl, — CHy, this arrangement remains the same. Tn 

]}rojane, fbHj., each carbon-atom is directly combined with at 
most tw(j otIu‘r carbon-atoms, and there is no other way in wliich 
tlie £toms can lie arranged. 

Bit if we look at the formula of the 4 -carbon paraffin, 04X1, 

\» i‘.see that it may be written in either of the following forms : 


OH. 

u 

CH, 


n,c CH., 

'V 

CJH 

L. 


iu till first of which, neither of the carbon atoms is directly unit.ed 
with non* than two others ; whei’eas, in the second, one of the car- 
))on-aoms is directly combined Avith three others. The first may 

be roresented, either as propyl-metJuiiie^ C | — 

^ ' I I diethyl^ Hr^Cg-Cgllg, according to 

the nunner in which we may suiipose it to be divided ; the 
second as trimethyl-inethane^ ^ > H 7 sopro 2 >yl-methane^ 

I the radical CH(CH3)2 being called isojiropyl, to 

distin^ish it from normal propyl, CH2(C2H5). 

Froii recent observations* it appears that all hydrocarbons of 

^ 5?bli 0 rleiiniier. Proceedings of the Royal Society, *'£vi. 34. 337. 
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known structure iiiay ke divitled into four groups, viz. : 1. Tliose 
in which each carbon-atom is directly associated witli at most two 
other carbon-atoms. 2. Those in which one carhon-atom is asso- 
ciated with three carbon-atoms, or which contiiiii the group iso- 
propyl once. 3. Those which contain this group twice, such as 

di-isopropyl, or tetramethylethane, CgHi 4 = C 2 | 

duced by the action of zinc on isopropyl iodide ; this compouna 
may be represented by the constitutional formula : 



4. Those in which one carbon-atom is associated with foui 
others, as in dimethyl-diethyl-methane, or carbodimethyl-diethyl. 

C I , a compound produced by the action of zinc-ethyl, 

Zn(C 2 H^) 2 , on dimethyl-dichloromethane, C | the transfor- 

mation being effected by the substitution of 2 atoms of ethyl for 
2 atoms of chlorine : 

Dimetliyl-diethyl-methane. 

CH3 

1T3CH2C— i— CH2CH3 
CII3 

The paraffins of each of these groups exhibit a regular inciease 
in boiling point as they ascend in the series by successive addtion 
of CH 2 , and the boiling point of a paraffin containing a gven 
munber of carbon-atoms, is found to be lower in proportion tS its 
structure is more comjdex. Tn the first and second group the 
difference of boiling point, for each increment of CHg? Is aboit 31 "^, 
whereas in the third it is only 25° 


Second Series, Ciill2n. — O lefines. 

The hydrocarbons of this series are polymeric, as well ashomo- 
logous with one another, inasmuch as their foimula3 are al exact 
multiples of that of the lowest, CHg. The lower members of the 
series are gaseous at ordinary temperatures, the higher niimbers 
are solid, and the intermediate compounds, licpiid. Thenames 
and formula) of the known members of the olefine seijes are 
given in the following table, together with their meltijg and 
boiling points : 


Dimethy l-dicliioro-methan e. 
CH3 

Cl— i— Cl 
C'H3 
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Name. 

Formula. 

Melting? 

point. 

Boil'iiff 

point. 

Ethene 

or 

Ethylene 




- 

Propene 


Propylene ... 

CsHe 

— 

—17-8° 

Quartene 


Butylene 

C 4 H 8 

— 

+ 3“ 

Quintene 


Amylene 

C^H.o 

— 

35" 

Sextene 

>> 

Hexylene ... 


— 

68-70° 

Septene 

99 

Heptylene ... 


— 

96° 

Octene 

99 

Octylene 

CsHie 

— 

116-117° 

Nonene 

9 > 

Nonylene ... 

Wa 

— 

140° 

Decene 

9 9 

Paramylene... 

CioHjo 

— 

160° 

Sexdecene 

99 

Cetene 

Ci«H32 

— 

276° 

Septivigintene 

99 

Cerotene 

C*7Ho4 

67" 

(?) 

Trigintene 

99 

Melene 

CgoHjo 

62" 

. 375°(?) 


Methene, CH^, the lowest term of the series, does not appear to 
be capable of existing in the separate state ; but its oxygen ana- 
logue, carbon monoxide, or carbonyl, CO, is a well known com- 
pound, which l](fs been already described (p. 163). 

Forvmtion of the Olefines. — 1 . By abstraction of the elements of 
water from the alcohols of the series CnH 2 n+ 20 , homologous with 
common alcohol, under the influence of powerful dehydrating 
agents, such as oil of vitriol, phosphoric oxide, or zinc chloride ; 
thus: 

CgHeO ~ HgO = C 2 H 4 
Ethyl alcohol. Water. Ethene. 

The preparation of ethene, or olefiant gas, by heating common 
alcohol with oil of vitriol, has been already described (p. 165). 
Quintyl, or amyl alcohol, C 5 TI 12 O, distilled with zinc chloride, 
yields — besides the corresponding olefine, quint ene or amylene, 
C 5 H 10 — a number of others polymeric with it ; besides quintane, 
C 5 H 12 , and its homologues, and hydrocarbons containing a smaller 
proportion of hydrogen than the olefines. 

2. By passing the vapours of the haloid compounds of the 
monad radicals, CnH2n+i, over Ume at a dull red heat ; e.g. : 

2 C 5 HHCI + CaO = CaCl 2 + HgO + 

Quintyl Quintene. 

chloride. 

3. By the decomposition of the paraffins at the moment of their 
formation by the action of zinc or sodium on the alcoholic iodides 
of the monad alcohol-radicals CnH 2 n-fi (see p. 646). 

4. By the action of the same iodides on the sodium-compounds 
of the same radicals ; for example : 

C 2 H 5 I + C 2 H 5 Na = Nal + -f CgHg 

Ethyl Sodium Sodium Ethene. Ethane. 

iodide. ethyl. . Iodide. 
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5 . By decoinpositiou of the hydi*iites of amiiioniiiiii bases con- 
taining four atoms ot a monad alcohol-radical (p. 540 ), these com- 
])ounds when heated splitting up into a tertiary monamine (p. 539 ) 
and an olefine ; thus : 

N(C,H,),(HO) =-■= N(OJI,), + R>0 + C,il, 

Tctrethylumnio- Tiietliyl- Water. Ethciic. 

Ilium hydrate amine. 

f). Olefines are formed by the decomposition of acetates and 
butyrates at a red heat, distilling over together with several other 
products, from which they are separated by combining them with 
bromine, and heating the resulting bromine-compounds, CnlLuBr^, 
to 275 ° with co])per, water, and potassium iodide. In this manner 
Berthelot has olitained ethene, proj)ene, quartene, and (piintene. 

7 . Several of the olefines may be ])roduced by direct synthesis 
from other hydrocarbons of simjiler constitution. 

ci>. Ethene is formed by tlje action of nascent hydrogen uj)on 
< 4 hinc or ac( 4 ylene (j). & 59 ) : 

+ H, = C^H,. 

/3. Propene, C3Hg, is formed by passing a mixfure of methane 
^ and carbon monoxide (oxyniethene) through a red-hot tube; 

2CH4 + CO = H2O + C3H0. 

Also by the action of methenyl chloride (chloroform) on zinc 
ethide : 

2CHCI3 + 3 Zn(CJl,)., == 3ZnCl2 + 4C3H3 + 2CH4. 

y. Quintene, or amylene, or a compound isomeric with 

it, is formed by the action of zinc ethide on propenyl (allyl) iodide • 

2C3H3I + Zn(C2H3)2 = Znl2 + 

S. Sextene, or hexylene, CgHjo, is obtained in combination with 
Iiydriodic acid by the action of that acid on mannite, C6H14O6, 
which is a sugar having the composition of a hexatomic alcohol : 

C 3 H 8 (H 0)3 + llHI = 6H2O + 5I2 + C3H12.HI; 

and this hydriodide, heated with potassium hydrate, yields the 
hydrocarbon : 

C3H12.HI + KHO = KI + HgO + CJI,,. 

s. Quartene, or butylene, CjHg, is obhiined by precisely similar 
reactions from erythrite, which is also a saccharine substance 
having the composition of a tetratomic alcohol, C4H3(HO)4. 

Reactions, — 1. The olefines are dyad radicals, uniting with 2 
atoms of chlorine, bromine, &c,, and with one atom of oxygen. 

2. The chlorides, bromides, and other haloid compounds of the 
olefines, treated with an alcoholic solution of potash, give up one 
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atom of hyclr* and one atom of the haloid element, yieldini; 
an olefine in Inch one atom of hydro^^en is replaced l>y chlorine^ 
l)romine, &c., lof^^ether with i/ater and a haloid salt of potassium ; 
thus : 

CJi.Brg + KHO = KBr + H^O + C,H,Br 

Etheiie bromido. Brometheiie. 

Tlie resulting chlorinated, hrominated, or iod.ded com])ounil 
can, in its turn, lake* iiji 2 atoms of chlorine, hromine, or iotline, 
forming a hody which can likewise give up hydroc}d(n*ic, hydro- 
hroinic, or hydriodic acid, under the influence of alcoliolic potash; 
the hody thus formed can again take up 2 atoms of chlorine, hromine, 
or iodine ; then give up IICl, HBr, or U I ; and thus, hy a series 
of perfectly siinihir reactions, we at length arrive at bodies con- 
sisting of the ])rimitive olefine \\ ith all its hydrf>gen re]>lac(‘d hy 
chlorine, liromine, or iodine, and the dichlorides, dihromides, and 
di-iodides of these last-menlioned bodies : thus, from ethene may 
he derived the two following series of hrominated comjiounds : 

Ethene .... CjjH4 Ethene broinidcj . . . C^jH^Br^ 

Brometheiie . 4I|^ . Cgll^Br Brometheiie bromide . C.^HjjBr . Br.^ 

Dihromethene . . CgHj^Br^ Bibrometliene bromide . CgH.^Br.^. BrjJ 

Tribromethene . . CjjHBra Tribromethene bromide CgHlirg . 

Tetrabromethene . C2Br4 Tetrabromethene bromide OoBr4 . ui^ 

These compounds will be more particularly described in connec- 
tion with the corresponding alcohols. 

3. A monochloriiiated or monobroniinated olefine may give up 
the atom of chlorine or hromine which it contains, in the form 
of hydrochloric or hydrobroniic acid, whereby it is reduced to 
a hydrocarbon of the following series, CnH^n— 2. This reaction 
may take jdace at 130° — 150°, under the influence of alcoholic 
potash, or, better, of sodium ethylate (obtained by dissolving 
sodium in anhydrous alcohol) ; thus ; 

C^HgBr + QH.NaO = NaBr + C1oH,(HO) + 

Bromethene. Sodium Sodium Ethyl Ethinc. 

ethylate. bromide. alcohol. 

4. Ethene bromi<le and its homologues, treated with silver 
acetate or potassium acetate, exchange their bromine for an 
equivalent quantity of the halogenic residue of the acetate, 
CgH-jOg (p. 541), giving rise to diatomic acetic ethers ; thus : 

(C^H^X'Br, + 2C2n302K = 2KBr + (C,HJ'(C 2X1302)2 ; 

Ethene Potassium Potassium Ethene 

bromide. acetate. bromide. fUacetatc. 

and these ethers, distilled with a caustic alkali, yiehl diatomic 
alcohols or glycols ; for example : 

(C,H4r(C2H302)2 + 2KHO = 2C,H303K + (CaH.yXOH), 

Ethene Potaa‘iium Ethene 

diiicetato. acetate. alcohol. 
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5. The bromides, Cnn 2 nBr 2 , heated to 275° with a mixture ol' 
potassium iodide, copper, and water, give up their l)romiue and 
reproduce the original olefine, together with other hydrt ►carbons 
(p. 547). 

6. Some olefines, when briskly shaken up with strong siiliduiric 
acid, unite with it, forming acid ethers of siilpliuric acid, Avhich 
contain the monotoinic alcoholic radicals coiTesi)on(ling to the 
olefines ; thus : 

+ H2SO4 - CaH^.HSO^ 

Ethene. Sulphuric acid. Ethyl-sulphuric acid. 

and these acid ethers distilled with water reproduce sulidiuric 
acid, and the monatomic alcohol corresponding to the olefine ; 

C,H,.HSO, + H(OH) = H,SO, + C^H.COH) 

Ethyl-sulphuric acid, Water. Ethyl alcohoL 


With fuming sulphuric acid (which contains sulphuric oxide in 
solution) the olefines yield sulpho-acids which are isomeric with 
the preceding, but are not decomposed by water, with formation 
of an alcohol. ^ 

7- Olefines unite with hydrochloric, hydrobromic, and hydriodic 
acids ; and the resulting compounds treated with silver oxide in 
presence of water, give rise to two different reactions which go on 
simultaneously, one part of the compound exchanging its halogen 
element for hydrox^, and thereby producing an alcohol, while 
another portion gives up hydrochloric, hydrobromic, or hydriodic 
acid, reproducing the original olefine : 

2(C6H,2.HI) + Ag,0 + H 2 O == 2AgI + 20^11140 

Hexylene Hexyl 

hydriodide. alcohol. 


2(C0Hi 2.HI) + Ag^O = 2AgI + H^O + 

Hexylene hydriodide. Hexylene. 

The greater number of the olefines are not of sufficient im- 

I iortance to require special description in this work. Ethene has 
jeen already described (p. 165). Quintene, or aanylene, and a 
few others will bo noticed in connection with the corresponding 
alcohols. 

Isomerism in the Olefine series . — The olefines may exist as satur- 
ated hydrocarbons, or as bivalent radicals, according to the man- 
ner in which their carbon-atoms are linked together. Ethene, for 
example, exhibits the two modifications represented below : 


CH2 

11 

CH2 

Saturated. 


CH, 

Bivalent. 


In the free state it has probably the constitution represented by 
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the first foriiiiihi : hut when it is subjected to the influence of. 
powerful reagents, such as chlorine, bromine, &c., the connection 
}>etween the carljon-atonis appears to be loosened, so that these 
two atoms b(M,oine united by only one unit of affinity, and the 
molecule becomes bivalent, as represented in the second formula. 
This loosening of the bonds of connection between carbon-atoms 
is likewise exliibited by bodies belonging to otlidt* groups, as we 
shall see liereafter. The olefines exhibit also, in some of their 
compounds, a diflcrcnt kind of isomerism wliich does not affect 
their e(iui valent value. 

06. The dichlorides of the olefines are isomeric witli the mono- 
chlorinated chlorides of the monad al coho) -radicals, CnH2n-f i ; for 
example : 

CHgCl CH3 

I is isomeric with I 

CH2CI CHCI2 

Ethene Monochlorinated 

dichloride. ethyl chloride. 

Both these comjpunds, when treated with alcoholic potash, yield 
the same product, namely, vinyl chloride, C2H3CI ; but they differ 
in boiling point, the first boiling at 85 ® the second at 64 ®. 

/ 3 . The oxides of tlie olefines are isomeric with the corresponding 
aldehydes, and with the alcohols of the series CnH2n--iOH 

CH2 CH, CH2 

I I II 

CH 2 0=C-H CHOH 

Ethene oxide. Acetic aldehyde. Vinyl alcoliol. 



The dyad radical, called ethideiie, or ethylidene, which may be 
supposed to exist in aldehyde and in monocblorinated ethyl 
chloride, has not been isolated : it probably differs from ethene in 
the manner shown by the following fomiulse : 


CH2 

II 

CH2 


OH, 

Jh 


Ethene. 


Ethiuene. 


In the higher members of the series, the double linking of the 
carbon-atoms may take i)lace in different parts of the chain ; thus 
quartene or butylene, C4Ha, may exhibit the two modifications 

CH3— CHg— CH=CH2 CII3 — CHizCII— CH3 

The number of isomerides actually known, is not however large, 
and in most of these, the carbon-atoms which are linked together 
by two combining units, are situated at the end of the chain. 
They may therefore he considered as deiivcd from etheii^ by sub- 
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tititution of a iiionad alcoliol-vadical, for one, two, or mon' atoms 
of hydrogen, thus 

C'lL, (!H.,(Cira) ffH(aH,) 

II ' II “ II ^ ' L. 

(JHa CH2 CII2 CTTa 

Etliylenc. ^ Propylene. lUitylcne. Isolnit} leiie. 


Third Seriks, 

Of tluisc liydrocarl^oiis live only luivc as yet been prepared, viz. . 


Ethine 

or 

Acetylene, 


Pr()])ine 


Allyleiie, 

C3H, 

(^uartiiie 


Croton yleno, 

C\Ho 

(^uintine 


Valervlene, 


Sex tine 


Dialled, 

CcH,o. 


Tlie only general inetliod of preparing these bodies consists in 
lieating the nionobroniinated derivatives cn the oleliaes, 
CiiH 2 n— iBr, with sodium ethylate to 130° — 150° : 

CnH 2 n-iBr + C^HfiNaO == NaBr + CgH^CHO) + CnH 2 n -2 

Sodium Ethyl alcohol, 

ethylate. 

Ethine and propine, which are gaseous at ordinary temperatures, 
are separated from the alcohol vapour with which they are mixed, 
by passing the gas into an ammoniacal solution of cuprous 
cWoride, whereby an explosive compound is precipitated, con- 
taining copper, carbon, hydrogen, and oxygen ; and this precipi- 
tate, treated with hydrochloric acid, yields the hydrocarbon in 
the pure state. 

The other hydrocarbons of the series, which are li(|uid, do not 
form any precipitate with ammoniacal cuprous chloride; but 
they may be separated fi’om excess of alcohol by addition of water, 
and further purified by distillation. 

The hydrocarbons of this series in the free state have two of 
their carbon-atoms united by three units of affinity : thus 

C— H C— CH 3 C— CH 2 CH 3 


C— H 

Ethine. 


C— CH 

Tropinc. 


C— H 

Quurtinc. 


But when they are subjected to the action of chlorine, hydrochloric 
acid, and other powerful reagents — the connection between these 
carbon-atoms becomes loosened, as in the case of the olefines, so 
that the molecule which was previously saturated becomes bivalent 
or quadrivalent : thus in the case of ethine : 
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('-11 — C— H -c'j— H 

III II I 

0— If --C— H — (WT 

I 

Satunitccl. I>h silent. Quads ivaleiit. 

When agituted with hydrohromic or liydriodic acid, they take 
up one or two molecules of those acids. The dihydrohroiiiides 
and dihydiaodidcs thus ju’oduced have llic same composition it- 
the dihromides of the olefines ; thus : 

2U13r = 0„H2,3r,. 

The two classes of bodies are, however, isomeric, not identical. 

Ethine, or Acetylene, C2ll2* — This hydrocarbon is one ol 
the constituents of coal gas. It is produced ; 1. By synthesis from 
its elements. When an electric arc from a jiowerful voltaic 
batteiy passes between carbon poles in an atmos2diere of hydrc)- 
gen, the carbon and hydrogen unite in the projiortion to form 
ethine. 

2. By the action of heat uj^on ethene, or the vapour of alcohol, 
ether, or wood-si)irit, or by passing induction-sparks through 
ifiarsh-gas. 

3. By passing the vapour of chloroform over ignited copper : 

2CHCI3 + Clio - SCugClg + C2H2. 

4. By the incomplete combustion of bodies containing carbon 
and hydrogen ; for example : 

4CH4 + Oo - 6H2O + 2C2H2 

Methane. Ethine. 

2 C,H, + 02 = 2H2O + 2C2H2. 

Ethene. Ethine. 

5. By passing a mixture of marsh-gas and carbon monoxide 
through a red-hot tube : 

CH^ + CO = H2O + C2H2 

6. By the action of alcoholic potash on monobromethene : 

CgHaBr + HKO = KBr + HgO + CgH^* 

The crude ethine obtained by either of these processes is purified 
in the manner above mentioned. 

Ethine is a colourless gas of specific gravity 0’92, having a 
Ijeculiar and unjfieasant odour, moderately soluble in water, not 
condensed by cold or pressure. It burns with a very bright and 
smoky flame, one vohmie of the gas consuming 2J volumes of 
oxygen and producing 2 volumes of carbon dioxide. When mixed 
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with chlorine^ it detonates almost instantly, even in dilTused day- 
light, with separation of carbon. 

Ethiiic passed into an ammoniacal solution oi cupnms chloride 
forms a red precipitate consisting of .cuproso-vinyl oxide, 
C4 (Cu 2)2H20, or [C2(Cu2y^Hj20, that is to say, vinyl-oxide (C2ir3)20, 
havmg four of its hydrogen-atoms replaced by four atoms of 
(apparently) uiAralcnt copper (see p. 396 ). The constitution of 
this compound may be understood from the following formuhe : 


H H HU 

H H 

c — c 0 i — (li 

Ciu 1 1 Cu 

I >c=c— 0— C=C< 1 

CVL'^ ^Cu 

1 j 

H H 

Vinyl oxide. 

Cuproso-vinyl oxide. 


Its formation from cuprous chloride and ethine is represented by 
the equation : 

2CU2CI2 + 2C2H2 + HgO = 4 HC 1 + C4CU4H2O 

On heating it with hydrochloric acid, the opposite reaction l^kea 
place, cuprous chloride and water being reproduced, and pure 
ethine evolved as gas. 

When this cojiper compound is heated with zinc and dilute 
ammonia, the nascent hydrogen thereby evolved unites with the 
elements of ethine, producing ethene; 


C4CU4H2O + 2H2 

and C2H2 + Hg 


Cu^ + H2O + 2C2H2 


Ethine, briskly agitated with strong sulphuric acid^ is absorbed, 
producing vinyl-sulphuric acid, C2H4SO4 : 


C2H2 + H2SO4 = (C2H3)HS04; 

and this acid, distilled with water, is resolved into sulphuric acid 
and vinyl alcohol ; 

(C2H3)HS04 + H2O = H2SO4 -f C2H3(0H) 

Vinyl-sulphuric Vinyl 

acid. alcohol. 

Ethine unites with bromine^ fomiing a dibromide, CoHoBrg. 
When a series of strong induction-sparks is passed through a 
mixture of ethene and nitrogen^ the two gases unite and form 
hydrocyanic acid : CgHo + = 2CNH. 

Bromethiney or Bromacetyieney CfgllBr, is produced by the action 
of alcoholic potash on dibrom^thene dibromide : 

CgHgBfg.Brg == HBr -f Br^ + C2HBr. 

It is a spontaneously inflammable gas, which liquefies under a 
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pressure of tlirct' aUnosplieres, is soluble in water, and veiy soluble 
111 <libroTnelliin(‘. It unites with bromine, forming the compound 
(bllBr.Jlr^, JP‘d when passed into an ammoniacal solution of 
eu]>rous clibnide, yields a iirecipitaie of cu])roso- vinyl oxide. 

Propine, or Allylene, — This compound is produced 

i)y tlui action of sodium etliylate on bromopropene : 

C,H,llr + CJI.NaO = NaBr + 0,H,(HO) + 

its formation being a particular case of llie general reaction given 
on i)age 558. It is a colourless gas, having an unpleasant odour, 
.burning with a smoky Haine, and forming, with mercurous salt,s, 
a grey preciiiitale; with silver salts, a white precipitate; and with 
cujirous chloride, a yellow precipitate, analogous in composition to 
that formed by ethine. With bromine it forms the compounds 
C 3 H 4 Br 2 and C 3 H 4 Br 4 . 

duartine, duintine, and Sextine, are volatile liquids, 
boiling respectively at 18^, 44-46°, and 58°, and capable of uniting 
with 2 or with 4 atoms of chlorine, bromine, hydroxyl, &c. 

Decine, or iRutylene, CjoHig, obtained by the action of 
alcoholic potash on diamylene dihromide, CiQH 2 oBr 2 , also belongs 
to this series. It is a colourless liquid, boiling at about 150°, and 
forming a dibromide, CioHigBr 2 . 


Fourth Series 

The known hydrocarbons of this series are quintone, or valy- 
lene, produced by abstraction of hydrogen from quintine, 

C-Hg; and certain volatile oils called terpen es, having the com- 
position CnjTI^^j, and existing ready-formed in plants. The former 
is sexvalent and quadjivaleiit, the latter are (piadrivalent and 
bivalent. 

duintone, or Valylene, 0.11,., is formed by the action of 
alcoholic ])otash on <[uiutiiie dihromide, CVjHgBro. It is a light 
liquid, boiling at about 50°. With hrominCy in a freezing mixture, 
it forms a crystalline mass, consisting of (juintone hexhro- 
mide, Cr^HgBrQ, saturated with a thick liquid, which is a mixture 
of the compounds CrJTcBrg, C 5 HQBr 4 , and probably C^HgBrg. 

The terpcnes belong to the aromatic grouj), and will he described 
ill coniiectioii therewith. ^ 
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ALCOHOLS AND ETHERS. 


The term alcohol, originally limited to one substance, viz., sj)irit 
of wine, is now applied to a large number of organic compounds, 
many of which, in their external characters, exhibit but little 
resemblance to ordinary alcohol. They are all, however, analo* 
gously constituted, having the comp(jsition of saturated hydro- 
carbons, ill wliich one or more of the hydrogen-atoms are replaced 
by hydroxyl : they may, therefore, also" be regarded as compounds 
oi* hydroxy] with univalent or multivalent hydrocarbon radicals, 
hence called alcohol- radicals. Thus, from propane, C3Hg, are 
derived the three alcohols, 

CaH/OH) (C3H„r(OH), 

Propyl Propone Proper vl 

alcohol. alcohol. alcohol. 


Alcohols are accordingly classed as monatomic, diatomii*, 
triatoinic, &c., or, generally, as monatomic and polyatomic, 
according to the number of equivalents of hydroxyl which tliey 
contain ; or according to the equivalent value of their hydrocarbon 
radicals. 

The replacement, partial or total, of the hj^lroxyl in an alcoliol 
by chlorine, bromine, iodine, or fluorine, gives rise to haloid 
ethers, thus: 


From C3H.(0H) are derived C3H7OI, O^li^Br, &c. 

„ C^HiOHo) „ C3H6CIOH, C3ILCI2, &c. 

„ (C3H,)(0H)3 „ C3H3Cl(OH)3,C3fe3C]3(()H),C3H/;i3, 

CgHfiBraCl, &c. 

These substitutions are effected by treating the alcohols with 
the chlorides, bromides, and iodides of hydrogen or phosphorus, 
as in the following eciuations, which represent the formation ol' 
ethyl chloride from common alcohol : 

CoHgfOH) + HCl = H(OH) + 

362115(011) + PCI3 = P(OH), + 

SCgH-XOH) + POCI3 = PO(OH),-f 

Instead of the bromides and iodides of pliosphorus, the elements 
phosphorus and bromine or iodine, in the proportions re(juired to 
form them, are often used in these processes. 

These haloid ethers are also formed in many instances by direct 
substitution of chlorine, bromine, &c., for hydrogen in siiturated 
hydrocarbons, as explained in the prece^ng pages. 

The treatment of the haloid ethers w^ caustic aqueous alkali.s 
gives rise to a substitution opposite to that exhibited in the above 
equations, reconverting the ethers into alcohols, e,g.: 

C 2 H 5 CI + KOII = KCl + C2H5(0H). 

The replacement of the hydroxyl in an alcohol by the corres- 


(^2TT5CI 

3C2H5CI 

3C2H,C1 
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l>on(ling radicals, potassoxyl, OK, metlioxyl, OCH3, etlioxyl,OC 2 lT., 
<&c. (p. 252), — or of the hydrogen in the hydroxyl by potassnm'i, 
methyl, etnyl, &c., — gives rise to oxygen-ethers, thus: 

yields C,H,.'OK) C,H,(OCIl 3 ) C 3 H 3 (OC 3 H,) 

Ethyl Potassium Methyl Ethyl 

alcoliol. ethylate* ethylate. ethylate. 

03 H,( 0 H )3 „ C,H,(0H)(0C3H3) 

Ethene Monethylic Diethylic 

alcohol. ethenate. cthenatc. 

These suhstitutinns may he elfected in various ways. The 
simplest is to replace an atom of hydrogen in the alcohol hv 

f )olassium or sodium, and act on the resulting compound with a 
laloid ether, th\is : 

2CJT4(0H), + Na^ = 2a^,(OU)(O^Ja) + H^, 

Ethene Sodium 

alcohol. ethenate. 


(',Il4(OH)(ONa) + C3H3I = Nal + 03H4(0H)(0C3H3) 

Sodium Ethyl Sodium Monethylic 

ethenate. iodide. iodide. ethenate. 

In the polyatomic alcohols, two eqivalents of hydi-oxyl may also 
))e replaced by one atom of oxygen, giving rise to another class of 
oxygen ethers ; thus, from ethene alcohol, C2H4(OH)2, is derived 
ethene-oxidc, 0211,0. 

The rejdacement 01 the hydrogen of the hydroxyl in an alcohol 
by acid radicals (p. 539 ), produces ethereal salts or compoiind 
ethei's: thus from methyl alcohol, CH3(OII), are derived : 

H O 

I II 

Methyl nitrate, OHaiONOj), or II— C— O — N 


II O H 

I II i 

Methj’l acetate, or H — C — 0 — C — 0 — 11 

H II 


H 0 

I II 

Acid methyl sulphate, CIl 3 (OSO.jH), or H — C — 0 — S — O — II 

I II 

• H O 


II O H 

I II I 

Neutral methyl sulphate, CHjlOSO^CHs), or H— C— O— S- 0—0—11 

H O I£ 
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It is clear that these ethereal^salts may be derived from the cor- 
responding acids by substitution of alcohol-radicals for hydrogen, 
being in fact related to the alcohols in the same manner as metallic 
salts to metallic hydrates. When distilled with alkalis, they are 
resolved into an acid and an alcohol ; e,g.: 

C2H,(0C2H30) + K(OH) = K(0C2H30) + C2H,(OH) 

Ethyl acetate. Potassium Potassium Ethyl 

hydrate. acetate. alcoliol. 


The action of haloid ethers, or of certain ethereal salts, on 
the sulphydrates and sulphides of the alkali-metals, gives rise to 
alcoholic sulphydrates and sulphides, that is to say, 
alcohols and others containing sulphur in place of ox} ^en ; thus : 


C^lI.Cl + KSH 

Ethyl 

chloride. 


KCl -f 

Ethyl 

sulphydrate. 


2C^H50S0aK + KSK = 

Potassium ethyl Potassium 

sulphate. sulphide. 


SKOSOyK + 

Potnssium Etlivl sul- 

sulphate. phide. 


The alcoholic sulphydrates, or sulphur-alcohols, are also called 
iiiercaptans, from their property of readily combining with 
mercury {corpora oaercurio apta). Their reactions are • closel \ 
analogous to those of the oxygen-alcohols. 


MONATOMIC ALCOHOLS AND ETHERS. 

1. Containing* the radicals CnIJ2n-|-i, homologous with 

Methyl. 

The alcohols of this series are the best known and most im- 
j)ortant of all this class of bodies. They may be formed from the 
corresponding haloid ethers by the action of alkalis, and several 
of them are produced by the fermentation of sugar. There arc' 
also synthetical processes by which these alcohols may be built 
ux) in regular order, from the lowest ux^wards ; but these will be 
better understood further on. 

The names and hmiiulfOc <;f the known alcoliols of this series 
are as follows : — 


Methyl alcohol, 

Ethyl alcohol. 

Propyl alcohol, 

Quartyl or Butyl alcohol, 
Quintyl or Amyl alcohol, 
Sextyl or Hexyl alcohol, 
Septyl or Heptyl alcohol. 
Octyl alcohol, 

Nonyl alcohol, 

Sexdecyl or Cetyl alcohol, 
Ceryl alcohol, 

^lelissyl alcohol, 


CH.O 

C2H6O 

C,H,0 

C4H10O 

C,H,20 

CcHi^O 

C,H„0 

CgH^O 

C®^0 

CaoHeaC 
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The first nine of these alcohols fi^re liquid at ordinary tempera- 
tures. Methyl and ethyl alcohols are mobile, watery liqiiids ; 
the others are more or less oily, the viscidity increasing with the 
molecular weight ; cetyl alcohol is a solid fat ; ceryl and melissyl 
alcohols are of waxy consistence. 

The formula of methyl alcohol is that of methane or marsh-gas 
i 'ing one atom of hydrogen ref>laced hy hydroxyl ; and the rest 
1 y be derived from it by replacement of one or more of the other 
yclrogen -atoms by methyl and its homologues. If we rephict* 
only one atom of liydrogen in this manner we obtain the series : 


Methyl 

alcohol. 

H 
H 
H 
OH 


C 


Ethyl 

alcohol, 

CHo 
H ' 
H 
OH 


or : 



C 


Propyl 

alcohoL 

CH.CHa 

H 

H 

OH 


CJh 

H 

H 

OH 


Quartyl 

alcohol. 

CIIgCHoCHg 

H 

H 

OH 


H 

11 

OH 


Quintyl 

alcohol, 

CHgCIlgCHsC^H, 

ir 

OH 



Now, it is chiHJ* that, so long as the type of an alcohol is jne- 
served — that is, of a hydrocarbon having at least one hydrogen - 
atom replaced by hydroxyl — the first two alcohols of this series tlo 
not admit of any other mode of foi'inulation : in other words, 
tliese two bodies are not susceptible of isomeric modifications. 
But with regard to the higher members of the series the case is 
different. Thus, to obtain the formula of the three-carbon alcohol, 
CgllgO, instead of re])lacmg one hydrogen-atom in methyl ahiohol 
by ethyl, we may replace two hydrogen-atoms by methyl, Avhich 

H;,0 CHa 

will give J'or this alcohol the formula or 

HCOH 



CH, 


instead of CH^ or C 

,i( 


H,COH 


CHoCH. 
H ' 

H 

OH 


and in like manner for tin* 


four-carbon alcohol, C4 Hiq(), we obtain the three modifications : 


C 


Primary. 

CHoCHoCH. 

H ^ 2 .3 

H 

OH 


a 


Secondary. 

CH2CH3 

CH3 

H 

Ofl 


C 


Tertiary, 

CH3 

CH3 

CH3 

OH 
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An alcohol is said to be ‘primary, secondary, or tertiary, accordiny 
as the carbon-atom which is in combination ivith hydroxyl, is likewise 
directly combined with one, two, or three other carbon-atoms. 

The five-carbon alcohol, and those above it, are likewise sus- 
ceptible of the same three modifications, and no more, inasmuch 
tis the carbon-atom combined with hydroxyl has only three other 
units of equivalency to dispose of. 

There is still, however, another kind of modification of whicli 
the alcohols of each of these three groups are susceptible, arising 
from modifications in the alcohol-radicals themselves, abeady 
noticed in connection with the paraffins (p. 550). The primary 
four-carbon alcohol, for example, may be represented by either of 
the formulte : 


C 


CHaCH^CH. 

H 

IT 

OH 


H 

IT 

OH 


Each of these fulfils the essential condition of a primary alcohol ; 
hut the first contains nonnal propyl, CH^(C 2 Hr,), whereas the 
second contains isopropyl, CH(Cir 3)2 ; and in the higher alcohols 
it is easy to see that a still larger number of modifications may 
exist ; but only a few of them have hitherto been actually obtained. 
The methods of producing secondary and tertiaiy alcfdiols, and 
the differences of character exhibited by the several modifications, 
will be exj)lained further on. 

A very convenient nomenclature for these isomeric alcohols 
has been proposed by Kolbe. Methyl alcohol, CH 3 (OH), is called 
car bin ol ; and the alcohols fonned from it by successive substitu- 
tion of methyl, ethyl, &c., for an atom of hydrogen, are named 
according to the raclicals which they contain ; thus. 


Carbinol, or Methyl alcohol, 

Methyl carbinol, or Ethyl alcohol, . 

Ethyl carbinol, or Propyl alcohol, . 
Dimethyl carbinol or Isopropyl alcohol, . 
Propyl carbinol, or Quartyl alcohol, 
Isopropyl carbinol, or Isoqnartyl alcohol, 
Methyl-ethyl carbinol, or secondary Quar- 
tyl alcohol, 

Trimcthvl carbinol, or Tertiary Quartyl 
alcohol, 


C(0II)H3 

C(OH)HgCH3 

C(0H)H20.,Hr, 

C(OII)H(Cil3').. 

CfOHlHssiCally) 

C(OH)H.3CII(CH3l.. 


C(0H)HCIT3C,H, 


C(OH)(CIl3)3. 
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METHYL ALCOHOL AND ETHERS. 

Methyl Alcohol, Hydroxymethane, Carbinol, 

CH 4 O or CH 3 ( 0 H). — This is the simplest member of the series. 
It is produced : 1 . From marsh-gas, by subiecting that compound 
to tlie action of chlorine in sunshine, whereby chloroinethane, 
or methyl chloride, CH3CI, is produced, and distilling with 
potash. 

2 . From wintergreen oil, which consists chiefly of acid methyl 
salicylate, CyHjO^.H.CHg, by distillation with potash, whereby 
potassium salicylate is formed, and methyl alcohol distils over : 

(VH4O3.H.CH, + KOH = CyH403.H.K -+ .CH3(0H). 

This reaction, which consists in the interchange of methyl and 
])Otassium, yields very pure methyl alcohol. 

3. Fi’om crude wood- vinegar, the watery liquid obtained by the 
destructive distillation of wood ; it was in this liquid that methyl 
alcohol was first discovered by P. Taylor, in 1812 ; hence it is 
often called wood-sinrit. Crude wood- vinegar probably contains 
about part of methyl alcohol, t^hich is sej)arated from the 
‘^reat bulk of the liquid by distilling it, and collecting apart the 
first portions which j)ass over. The acid solution thus obtained 
is neutralised with slaked lime, and the clear liquid sejmrated 
from tlie oil which floats on the surface, and from the sediment at 
the bottom, is again distilled. A volatile liquid is thus obtained, 
which burns like weak s])irit; this may be strengthened by recti- 
lication, and ultimately rendered pure and anhydrous by careful 
distillation from quicklime at the heat of a water-bath. 

Ihire methyl alcohol is a thin, colourless liquid, very similar in 
smell and taste to ethyl alcohol; crude wood-s])irit, on the other 
hand, which contains many impurities, has an offensive odour and 
a nauseous, biiniing taste. Methyl alcohol boils at 66 * 6 °, and has 
a density of 0*798 at 20 °. Vapour-density (refeired to hydro- 
gen) = ] 6 . Methyl alcohol when pure mixes in all proportions 
with w'ater : it dissolves resins and volatile oils as freely as ethyl 
alcohol, and is often substituted for ethyl alcohol in various pro- 
cesses in the arts. It may be burnt instead of ordinary spirit in 
lamps : the flame is pale-coloured, like that of ethyl alcohol, and 
deposits no soot. Methyl alcohol dissolves caustic baryta: the 
solution deposits, by evaporation in a vacuum, acu'cular ciystals 
containing Ba 0 . 2 CH 40 . It dissolves calcium chloride in large 
(juantity, and gives rise to a crystalline compound containing 
CaCl 2 . 2 CH 40 . 

Potassium and sodium dissolve in it, with evolution of hydrogen 
yielding potassium and sodium methylates, CH3OK, and CH30Na. 

By oxidation, as ly exposure to the air in contact 'with platinum 
black, it is converted into formic acid, wdiicli is derived 
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from it by substitution of 1 atom of oxygen for 2 atoms of hydro- 
gen: 

CH^O + 02 = H^O + CH 2 O 2 . 

Methyl Chloride, or Chloromethane, CH 3 CI, is formed, 
according to Berihelot, when a mixture of equal volumes of 
methane (marsh-gas) and chlorine is exposed to reflected sun- 
light. It is more easily prepared, however, by heating a mixture 
of 2 parts of common salt, 1 part of wood-spirit, and 3 parts of 
concentrated sulphuric acid. It is a gaseous body, which may he 
conveniently collected over water, as it is but slightly soluble in 
that liquid. It is colourless ; has a peculiar odour and sweetish 
taste, and burns, when kindled, with a pale flame, greenish towards 
the edges, like most combustible chlorine-compounds. Its density, 
referred to hydrogen as unity, is 25*25; it is not liquefied nt 

— 18°. The gas is decomposed by transmission through a red-hol. 

tube, with slight deposition of carhon, into hydrochloric acid gas 
and a hydrocarbon which has l)een l)ut little examined. By the 
action of chlorine in sunshine it is successively converted into 
nietheyie chloride^ or dichlorometlume^ a liquid boiling at 

30*5°; mcthenyl chloride^ tricliloromethane^ or chloroform^ CTIC-l;. ; 
and carhon tetrachloride^ CCI 4 . 

Methyl Iodide, or lodomethane, CH J, is a colourless and 
feebly combustible liquid, obtained by distilling together 1 part 
of phosphorus, 8 of iodine, and 12 or 15 of wood-s])irit. It 
is insoluble in water, has a <lensity of 2*237, and boils at 44°. 
The density of its vaj)our, referred to hydrogen as unity, is 71. 
When digested in sealed tubes with zme^ it yields a colourless 
gaseous mixture containing ethane, or dimethyl, and the 

residue contains zinc iodide, together with zinc met hide, 
Zii(CH3), : 

2CH3I + Zii == ZnT. + an,, 

2CH3I + Zn^ = Zni; + Zh(CTl3)2 

Methyl Ether, Methyl Oxide, or Methoxyl- methane, 

= (0113)20 = C I • — This compound, which bears 

the same relation to methyl alc.ohol that anhydrous potassium 
oxide hears to potassium hydrate, is produced hy abstraction 
of the elements of water from methyl alcohol : 2 CH 4 O — HoO == 
O^HeO. 

It may be prepared hy heating 1 j^art of wood-spirit and 4 parts 
of concentrated sulphuric acid, and passes over as a colourless gas, 
which may l)e collected over mercury. It does not liquefy at 

— 16° It has an ethereal odour, and burns with a pale and 
feebly-luminous flame. Its specific gravity is 1*617 referred to 
air, or 23 referred to hydrogen as unity. Cold water dissolves 
about 33 times its volume of this gas, accpiiring thereby its 
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characteristic taste and odour : on boiling the solution, the gas is 
again liberated. Alcohol, wood-spirit, and concentrate(l sulphuric 
acid dissolve it in still larger quantity. 

Metliyl Nitrftte, CH3.NO3, or CH3.ONO2 (p. 563 ). This 
ether is obtained by distilling 50 grams of pounded nitre with 50 
grams of wood-spirit and 100 grams of sulphuric acid, in a retort 
without external heating. It is a colourless liquid of sp. gr. 1 T 82 
at 20°; boils at 60 °; has a faint ethereal odour. Its vapour de- 
tonates violently whoi heated to 150 °. Heated with alcoholic 
ammonia^ it yields methylaniine nitrate, CH.N.NO3H. Distilled 
with aqueous potash^ it yields methyl ether. 

Metliyl Sulphates. — Sulphuric acid being a bibasic acid, 
yields two methyl ethers — one acid, the other neutral. 

Acid rnethylsulphate, Methyl and Hydrogen mlphate^Methyhul])!^.- 
vie acid^ or Sulpho^nAifhylic acid, (?H3.H.S04, or CH3 — O — SO3H 
(p. 563 ). — To prepare this acid ether, 1 part of wood-spirit is 
slowly mixed with 2 parts of concentrated sulphuric acid, and the 
whole is heated to ebullition, and left to cool, after which it is 
diluted with water, and neutralised vdth barium carbonate. The 
solution is filtered from the insoluble sulphate, and evaporated, 
first in a water-bath, and afterwards in a vacuum to the proper 
degree of concentration. The salt crystallises in beautiful, square, 
colourless tables, containing (CH3)2Ba''S04.2H20, which effloresce 
in dry air, and are very soluble in water. By exactly precipitating 
the base from this substance with dilute sulphuric acid, and leaving 
the filtei-ed liquid to evaporate in the air, iiiethylsu]j)huric acid may 
be procured in the fonn of a sour, syrui)y li(j[uid, or in minule 
acicular crystals, very soluble in water and alcohol. It is very 
instable, being easily decomposed by heat. Potassium methylsul- 
phate, CH3KSO4, crystallises in small, nacreous, delhpiescent 
rhombic tables. The lead-salt is also very soluble. 

Neutral Methyl sulphate, or Hiniethylic sulphate, (CH3)3S04, oi- 
CH3 — O — SO3CH3. — Tliis ether is prepared by distilling 1 part 
of wood-spirit with 8 or 10 parts of strong oil of vitrol: the 
distillation may be carried nearly to dryness. The oleaginous 
]i(piid found in the receiver is agitated with water, and purified by 
rectification from powdered caustic baryta. The product is a colour- 
less, oily lifjuid, of alliaceous odour, having a density of 1 * 324 , and 
boiling at 188 °. It is neutral to test-paper, and insoluble in water, 
but decomposed by that liquid, slowly^ in the cold, rapidly and 
with violence at a boiling temperature, into methylsulphuric acid 
and methyl alcoliol. Anhydrous lime and baryta have no action 
on this ether : their hydrates, however, and those of potas^um and 
sodium, decompose it instantly, with production of a methylsul- 
phate of the base, and methyl alcohol. When neutral methyl- 
sulphate is heated with common salt, it yields sodium sulphate 
ana methyl chloride ; with mercuric cyanide, or potassium cyanide, 
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it ^ves a sulphate of the base, and methyl cyanide ; with dry 
sodium formate, it yields sodium sulphate and methyl formate. 

Methyl Borate, (CUXBO^ = B'"(OCH 3 ) 3 j ^8 formed by the 
action of gaseous boron chloride on anhydrous methyl alcohol. 
It is a limpid liquid, of specific gravity 0*9551 at 0°, boiling at 72^. 
Water decomposes it into boric acid and methyl alcohol. 

Methyl Phosphates. — Two methyl phosphates, viz., methyl- 
phosphoric acid, (P 0 )''''( 0 H) 2 ( 0 CH 3 ), and dimethylphosphoric acid, 
(POfXOH)(OCH 3 )„ are formed by the action of phosphoras oxy- 
chloride on methyl alcohol under ditterent circumstances. 

Methyl Silicate, is obtained by acting ujwn j)ei*- 

fectly pure and dry methyl alcohol with silicium tetrachloride, 
and distilling the product. It is a colourless liquid, Oi. pleasant, 
ethereal odour, specific gravity 1*0589 at 0 °, distilling between 
121° and 126°. It dissolves with moderate facility in water, and the 
solution does not become turbid from separation of silica for some 
weeks. Its observed va})our-density is 5*38 referred to air, or 77*6 
referred to hydrogen, tlie calculated number being 76. 

Methyl Sulphydrate, CHoSH, also called Methyl Mer- 
captan. — This compound, which has tlie composition of methyl 
alcohol with the oxygen replaced by sulphur, is formed by distil- 
ling in a water-bath, with efficient condensation, a mixture ol* 
(calcium methylsul}3hate, and potassium suljdiydrate : 

0 ^X 0113 ) 2 ( 804)2 + 2 KSH = K 2 SO 4 + CaS 04 + 2 CII 3 SH. 

It is a liquid ligliter than water, and having an extremely ofieii- 
sive odour. It forms with lead-acetate a yellow precipitate, and 
Avdth mercuric oxide a white compound, (CH 3 ) 2 S 2 Hg", which 
crystallises from alcoh(d in shining lamina). 

Methyl Sulphide, ( 0 ^ 113 ) 28 , or H 3 C — 8 — CH3, is obtained by 
passing gaseous methyl chloride into a solution of potassium mono- 
sulphide in wood-spirit. It is a colourless, mobile, fetid liquid, of 
specific gravity 0*845 at 21 °, boiling at 41° It forms several sub- 
stitution-products with chlorine. 

Methyl Bimlphide^ ( 0113 ) 282 , is i)repared by passing gaseous 
methyl chloride through an alcoholic solution of i)otassium bisul- 
phide. It is a limpid, strongly refracting liquid, having a specific 
gravity of 1*046 at 18°, and fin intolerable odour of onions; boils 
between 116° and 118°. It forms sul)stitution-j)roducts witli 
bromine and chlorine. 

By substituting pentasulphide for bisulphide of potassium in 
the preceding preparation, a trisulphide of methifL (CHq)oSq, is ob- 
tained, Soiling at about ^ . V 3^2 3 . 

Methyl Telluride, or Tellur o-methyl, (CH 3 ) 2 Te, obtained 
by distilling potassium telluride with potasvsium methylsulphate, 
is an oily fetid liquid, resembling ethyl telluride, which will be 
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described hereafter. The corresponding selenium compound, 
(CH3)gSe^ has also been obtained. 

Zinc Methide, or Zinc-methyl, Zn"(CHj)2, obtained by heat- 
ing ethyl-iodide with zinc under pressure, is a coloiitless, spon- 
taneously inflammable gas, wliich is violently decomposed l»y 
w'ater, with formation of zinc hydrate and marsh gas : 

Zn(CH3)2 + 2 H 2 O = ZnHgOg -f 2CH^. 

1 1 resembles the ethyl-compound in all its reactions. 

Stannous Kethide, Sn'''(CH3),, and Stannic Methide, 

Sn2(CH,.)4, also resemble the corresponding etliyhcoinpo^nds, and 
obtained by similar reactions. 

Aluminium Methide, A]'''(CH3)3, or A]3(CH3)g. — This com- 
pound, discovered by liuckton and Gelling, is formed by heating 
mercuric methide with aluminium. It is a mobile liquid, which 
(uystallises at a little above 0°, and boils at 130 ^, At and al)ove 
220° the density of its vapour, compai-ed with that of air, is 2*8, 
wliich is near to the tlieoretical density calculated for the formula 
AI(CH3)3, namely, 2 * 5 . This seems to show that the true formula 
of the compound is A1(CH3)3, and not Al2(CH3)g, and, corise- 
(juently, tliat aluminium is a triad, not a tetrad (p. 375 ). At 
temperatures near the boiling point, however, the vapour-density 
becomes 4 * 4 , approximating to the theoreti(*al density calcAilated 
for the formula, A1.^(CH3 Xj. 

The compounds of inelhyl with ])h()sphoriis, arsenic, antimony, 
and bismutli, will be de.scribed with the nitrogen bases. 


ETHYL ALCOHOL AXD ETIIEUS. 

Ethyl Alcohol, Hydroxyl-ethane, or Methyl Carbinol, 

Cll, 


C,HgO = aH,(OH) 


CH, 




HgCOH) 




H 

H 

OH 
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This important compound, the oldest ainl best known of the whole 
group of alcohols, and generally designated by the simj)le name 
‘‘ alcohol, is produced : 

1. From ethene, C2H4, by addition of the elements of water. 
When ethene gas and strong sulphuric acid are violently agitatx'd 
together for a long time, the gas is absorbed, and ethylsulphuric 
acid, C2H«S04, is produced; and this compound, distilled with 
water, yields sulphuric acid and ethyl alcohol ; 


+ H2O = H2SO4 -f- CaHgO. 

Now we have seen that ethene can be formed by addition of 
hydrogen to ethine, C2H2, which is itself formed hy direct com- 
bination of carbon and hydrogen. It follows, therefore, that 
alcoliol can he jiroduced synthetically from its elements. 
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2. By the fermentation of certain kinds of sugar. When a 
moderately warm solution of cane-sugar or grape-sugar (glucose) 
is mixed with certain albuminous matters, as blood, white of egg, 
flour-paste, and especially beer-yeast, in a state of decomposition, 
a peculiar process called fermentation^ is set U23, by which the 
sugar is resolved into ethyl alcohol and carbon dioxide. In the 
case of glucose, CgHigOg, these products result from a simple 
splitting up of the molecule : 

CgHiA = 2 CO 2 + 2 a, 11,0. 

Cane-sugar, Oi2HioOii, is first converted into glucose by assumj)- 
tioii of water, (Ci2H220^i+H20=2C^jB[i20g), and the latter is then 
decomposed as above.* 

If ordinary cane-sugar be dissolved in a large quantity of water, 
a due proi)ortiou ot active yeast added, and the whole maintained 
at a temperature of 21^-2fr C. (70^-80^^ F.), the change will go on 
with great rajjidity. The gas disengaged is nearly pure carbon 
dioxide : it is easily collected and exatnined, as the fermentation, 
once commenced, jnoceeds jierfectly well in a close vessel, such as 
a large bottle or flask fitted with a cork and a conducting tube. 
When the effervescence is at an end, and tlie liquid has become 
clear, it will yield alcohol by distillation. 

The spirit first obtained by distilling a fermented saccharine 
li(|uid is very weak, being diluted with a large quantity of water. 
By a second distillation, in which the first portions of the distilled 
Ihpiid are collected aj)art, it may be greatly strengthened : th(‘ 
whole of the water cannot, however, l)e thus removed. The 
strongest rectified sinrit of wine of commerce has a density of 
about. 0*835, and ,yet contains 13 or 14 per cent, of water. Pure or 
abaoUde alcohol may be obtained from it by redistilling it with 
half its weight of fresh quicklime. The lime is reduced to coarse 
])owder, and jmt into a retort ; the alcohol is adde{l, and the 
whole mixed by agitation. The neck of the retort is securely 
stopped with a cork and the mixture left for several days. Tin? 
alcohol is distilled off ])y the heat of a water-bath. 

Pure alcohol is a colourless, lirajud liquid, of pungent and 
agreeable taste and odour ; its sjjecific gravity, at 15*5^ C. (60° F.), 
is 0*7938, and that of it s vaj)our referred to air, 1*613. It is very 
inf lain malde, burning with a pale-bluish flame, free from smoke ; 
it has never been frozen. Alcohol boils at 78*4° C. (173° F.) 
when in the anhydrous state ; in a diluted state the boiling point 
is higher, being progressively raised by each addition of water. 
In the act of dilution a contraction of volume occurs, and the 

Side by side with this jmncipal decomposition, a variety of other 
changes are simultaneously accomplished. According to Pasteur, glycerin, 
succinic acid, cellulose, fats, and occasionally lactic acid, are observed 
among the products of alcoholic fermentation. Some of the homologues of 
ethyl alcohol are also found among the products. 
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temperature of the mixture rises many degrees : this takes place 
not only with pure alcohol, but also with rectified spirit Alcohol 
is miscible with water in all proportions, and, indeed, has a great 
attraction for the latter, absorbing its vapour from the air, and 
abstracting the moi^ljhre from membranes and other similar sub- 
stances immersed in it. The solvent powers of alcohol are very 
extensive : it dissolves a great number of saline compounds, and 
likewise a considerable proportion of potash. some salts it 

forms definite crystalline compounds, called alcoholates : with 
:dnc chloride^ ZnCl2.2C2HQO ; with calcium chloride^ CaCh. 
dCgHgO; with maguedum nitrate^ Mg(NO.^)2.6C2HQO. Alcohol dis- 
solves, moreover, many organic substaru*es, as the vegeto-alkalis, 
resins, essential oils, and various other bodies : hence its great use 
in chemical investigations and in several ol‘ the arts. 

Potasmium and sodium dissolve in ethyl alcohol in the same 
manner as in methyl alcohol, forming the conii)ouiids C2HgKO 
and CgH^NaO. 

Alcohol, passed through a red-hot liil)e, is resolved into marsh- 
gas, hydrogen, and cartoon monoxide : 

C 2 H ,0 = CIT^ + H2 + CO. 

Small quantities of ethene, benzene, and naf)hthalene are, how- 
ever, formed at the same time by the mutual action of these 
])rimary products, and carbon is deposited. 

By oxidation^ alcohol is converted, first, into aldehyde, CgH/), 
then into acetic acid C2H,|02, 

r,H «0 + O = H ..0 + C2II4O, 
and C^H^O + O = 

Chlorine gas is raj)idly absorbed by anhydrous alcohol, turning 
it yellow, and causing considerable rise of temperature. At the 
same time it rapidly abstracts hydrogeifi, which is partly replaced 
by the chlorine, producing hydrochloric acid, aldehyde, acetic 
acid, ethyl acetate, ethyl cliloride, and chloral. The mixture of 
these substances, freed by water from the soluble constituents, was 
formerly called heavy muriatic ether. The formation of the several 
products is represented by the following equations : 


CgHflO 

Alcohol. 

+ 

Cl., 

= 2HCI 

+ 

C2H4O, 

Aldehyde. 

C^HcO 

Alcohol. 

+ 

4CJ2 

= 5 HC 1 

+ 

C2HCI3O, 

Chloral. 

Alcohol. 

+ 

HCl 

- H2O 

+ 

C2H3C1, 
Ethyl chloride. 

CaH^O 

Alcohol. 

+ 1120+2012 

= 4 HC 1 

+ 

C2HA, 

Acetic acid. 

C^HeO 

Alcohol. 

+ 

C2H4O2 
Acetic acid. 

- H2O 

+ 

C2H6.C2H3O. 
Ethyl acetate. 
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When the action of the chlorine is continued for a long time, 
chloral is always the principal product. This compound is a 
heavy oily liquid, having the composition of aldehyde with 
3 atoms of hydrogen replaced by chlorin^ but it cannot be 
formed by the direct action of chlorine up® aldehyde. When 
alcohol containing water is used, scarcely any chloral is obtained, 
the chief product being aldehyde. 

Chlorine^ in presence of aU^liSj converts alcohol into chloroform, 
CHCI3, and carbon dioxide : 

CgHeO + 5CI2 + H2O = CO2 + 7 HC 1 + CHCI 

The same products are formed by distilling dilute alcohol with 
bleaching powder. 

Aqueous alcohol heated with strong sulphuric acid is converted 
into ethyl sulphuric acid, 02^^6804, or 02^5(^^031!), (p. 575) ; 
\mi when anhydrous alcohol is exj)osed to the vapour of sulphuric 
oxide, SO3, a white crystalline substance is formed, called 
ethionic oxide, formerly sulphate of carbyl^ 02X14820^^. This, 
when dissolved in water or in aqueous alcohol, is converted into 
ethionic acid, C2H382O7, a bibasic acid, which forms a soluble 
barium salt. Lastly, a solution of ethionic acid, when boiled, is 
resolved into sulphuric acid and isethionicacid, an acid isomeric 
with ctliylsulphuric acid (p. 576). 


Commercial Spii'it, IViiie, Beer, &c. Vinous Fermentation,— 
The strength of commercial spirit, when free from sugar and other 
substances added subsequent to distillation, is inferred from its 
density : a table exhibiting the proporiions of real alcohol and 
water in spirits of different densities will be found at the end of‘ 
the volume. Tlie excise spirit has a sj). gr. of 0*9198 at 

60^ F., and contains 49 J per cent, by weight of real alcohol. 

The high duty on spirits of wine in this country has hitherto 
interfered with the development of many branches of industry, 
which are dependent on the free use of this imjiortant liquid. The 
labours of the scientific chemist have been likewise often checke<l 
by this inconvenience. A remedy for the evil has been supplied 
by a very important measure, proposed and carried out by the 
late Mr John Wood, Chairman of the Board of Inland Ee venue. 
This measure consists in issuing, for manufacturing and scientific 
purposes, duty free, a mixture of 90 per cent, of spirits of wine of 
not less strength than corresponds to a density of 0*830, with 10 
per cent, of partially purified wood-spirit, which is now sold by 
licensed dealers under the name of Methylated Spirit. It appears 
that a mixture of this kind is rendered permanently unfit for 
human consumption, the separation of the two substances, in 
consequence of their close analogy, being not only difficult, but to 
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all appearance impossible : at the same time, and for the same 
reasoQs, this mixture is not materially impaired for the greater 
number of the more valuable purposes in the arts for which spirits 
are usually employed. Methylated spirit may be used, instead of 
pure spirit, as a s^ent of resinous substance®, and of many 
chemical preparations, especially of the alkaloids and other organic 
products. It may be used for the production of fulminating 
mercury, ether, chlorofoim, iodoform, olefiant gas, and all its 
derivatives — in fact, for an endless number of laboratory purposes. 
Methylated spirit may also be substituted for pure spirit of wine 
in the preservation of anatomical preparations. The introduction 
of this spirit has already exerted a very beneficial effect upon the 
development of organic chemistry in this country.* 

Wine^ Beer^ &c., owe their intoxicating ‘properties to the alcohol 
they contain, the quantity of which varies very much. Port and 
sheiry, and some other strong wines, contain, according to Mr 
Brande, from 19 to 25 per c^nt. of alct>hol, while in the lighter 
wines of France and Germany it sometimes falls as low as 12 per 
cent. Strong ale contains about 10 per cent. ; ordinary spirits, as 
brandy, gin, whisky, 40 to 50 per cent., or occasionally more. 
These latter owe their characteristic flavours to certain essential 
oils and compound etliers, present in very small quantity, either 
generated in the act of fermentation or j)urposely added. 

In making wine, the expressed juice of the grape is simply set 
aside in large vats, where it undergoes spontaneously the necessary 
change. The vegetable albumin of the juice absorbs oxygen from 
the air, runs into decomposition, and in that state becomes a 
ferment to the sugar, which is gradually converted into alcohol. 
If the sugar be in excess, and the azotised matter deficient, the 
resulting wine remains sweet ; but if, on the other hand, the 
proportion of sugar be small and that of albumin large, a dry 
wine is produced. When the fermentation stops, and, the liquor 
becomes clear, it is drawn off from the lees, and transferred to 
casks, to ripen and improve. 

The colour of red wine is derived from the skins of the grapes, 
which in such cases are left in the fermenting liquid. Effervescent 
wines, as champagne, are bottled before the fermentation is com- 
plete ; the carbonic acid is disengaged under pressure, and retained 
in solution in the liquid. A certain quantity of sugar is frequently 
added. The process requires much delicate management. 

During the fermentation of the grape-juice, or a crystalline, 

stony matter, called argol^ is deposited. This consists chiefly of 
acid potassium tartrate with a little colouring matter, and is the 

* See Report on the Supply of Spirits of Wine, free from duty, for use 
in the Arts and Manufactures, addressed to the Chairman of Inland Revf-- 
nue by Professors Graham, Hofmann, and Redwood. (Quarterly Journal 
of Chemical Society, vol. viii. p. 120.) 
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source of all the tartaric acid met with in commerce. The salt in 
question exists in the^uice in corisiderable quantity; it is but 
sparingly soluble in water, but still less so in dilute alcohol; 
hence, as the fermentation proceeds, and t^ quantity of spirit 
increases, it is sfcwly deposited. The acicHpf the juice is thus 
removed as the sugar disappears. It is this circumstance which 
renders grape-juice alone fit for making good wine ; when that of 
gooseberries or currants is employed as a substitute, the malic and 
citric acids which these fruits contain cannot be thus withdrawn. 
There is then no other resource but to add sugar in sufficient 
quantity to mask and conceal the natural acidity of the liquor. 
Such wines are necessarily acescent, prone to a second fermenta- 
tion, and, to many persons, at least, very unwholesonu 

Beer is a well-known liquor, c^f great antiquity, prepared from 
germinated grain, generally barley, and is used in countries where 
the vine does not llourish. The 02 )eration of malting is performed 
by steeping the barley in whaler until the grains become swollen 
and soft, then piling it in a heap or conchy to favour the elevation 
of temperature caused by the absorption of oxygen from the air, 
and afterwards sj)rea(ling it upon a floor, and turning it over from 
time to time to prevent unequal heating. When germination has 
proceedcnl far enough, the vitality of the seed is destroyed by 
kiln-drying. During this process, a peculiar nitrogenous sub- 
stance called diastase is produced, w^hich acts as a ferment on the 
starch of the grain, converting a jiortion of it into sugar and 
rendering it soluble. 

In brewing, the cruslied malt is infused in water at about 170° F. 
(77° C.), and the mixture is left to stand during the sijace of two 
hours or more. The easily soluble diastase has thus an op 2 )()rtunity 
of acting ui>on the unaltered starch of the grain, and changing it 
into dextrin and sugar. The clear li([Uor, or %oort^ strained from 
the exhausted malt, is next pumped up into a copj^er boiler, and 
boiled with the rei^uisite quantity of hoj)s, to communicate a 
pleasant bitter flavour, and confer on the beer the i)roperty of 
keeping without injury. The flowers of the hop contain a bitter, 
resinous jirinciple, called lupulin^ and an essential oil. 

When the woil has been sufficiently boiled, it is draAvn from 
the copper, and cooled as rapidly as possible, to near the ordinary 
temjierature of the air, in order to avoid an irregular acid fermen- 
tation, to which it w'ould otherwise be liable. It is then transferred 
to, the fermenting vessels, which in large breweries are of great 
cajiacity, and mixed with a quantity of yeast, the product of a 
preceding operatioh, by which the change is speedily iaduced. 
This is the most critical part of the whole operalion, and oiac in 
which tlie skill and judgment of the brewer are most called into 
play. The process is in some measure under control by attention 
to the temperature of the liquid; and the extent to which the 
change has been carried is easily known by the diminished density, 
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or attenuation of the wort. The fennentat|on is never suffered to 
run its full coui^ie, hut is always stopped a* a particular point, by 
separating the yeast, and drawing ojff the beer into casks. A slow 
and almost insensible^ermentation succeeds, which in time renders 
the beer stronger anoT less sweet than when new, and charges it 
with carbonic acid. 

Highly coloured beer is made by adding to the malt a small 
quantity of strongly dried or charred malt, the sugar of which has 
been changed to caramel ; porter and stout are so prei>ared. 

The yeast of beer is a very remarkable substance, and has excited 
much attention. To the naked eye it is a greenish-yellow soft 
solid, nearly insoluble in water, and dries up to a pale-brownish 
mass, which readily putrefies when moistened, and becomes offen- 
sive. Under the microscope it exhibits a kind of organised ap- 
pearance, being made up of little transparent globules, 'which 
sometimes cohere in clusters or strings, like some of the lowest 
members of the vegetable kingdom. Whatever may be the real 
nature of the substance, no doubt can exist that it is formed from 
the soluble azotised portion of the grain during the fermentative 
process. No yeast is ever produced in liquids free from azotised 
matter; that added for the purpose of exciting fermentation in 
pure sugar is destroyed, and rendered inert thereby. When yeast 
IS deprived, by straining and strong pressure, of as much water as 
]) 08 sible, it may be kept in a cool place, with unaltered properties, 
for a long tinie ; otherwise it s]»eedily spoils. 

The distiller, who prepares spirits from grain, makes his wort, 
or wash^ much in the same manner as the brewer ; he uses, how- 
ever, with the malt a large quantity of raw grain, the starch of 
which siiflers conversion into sugar by the diastase of the malt, 
which is sufficient for his purpose. He does not boil his infusion 
with hops, hut proceeds at once to the fermentation, which he 
pushes as far as possible by large and rej^eated doses of yeast. 
Alcohol is manufactured in many cases from potatoes. The 
potatoes are ground to pulp, mixed with hoi water and a little 
malt, to furnish diastase, made to ferment, and then tHe fluid 
portion is distilled. The potato-spirit is contaminated by a very 
offensive volatile oil, again to be mentioned : the crude product 
from corn contains a substance of a similar kind. The business of 
the rectifier consists in removing or modifying these volatile oils, 
and in replacing them by others of a more agreeable character. 

In making bready the vinous fermentation plays an important 
part : the yeast added to the dough converts the small portion of 
sugar the meal naturally contains into alcohol and carbonic acid. 
The gas thus disengaged forces the lough and adhesive materials 
into bubbles, which are still further expanded by the heat of the 
oven, which at the same time dissipates the alcohol : hence the 
light and spongy texture of all good bread. The use of leaven is 
01 great antiquity : this is merely dough in a state of incipient 

3 o 
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putrefaction. When mixed with a large quantity of fresh dougli, 
it excites in the lattCT the alcoholic fernientatibn, in the same 
manner as yeast, but less perfectly ; it is apt to coiiiinunicate a 
disagreeable sour taste and odour. Sometimes carbonate of am- 
monia is employed to lighten the dough, oeing completely vola- 
tilised by the high temperature of the oven. Bread is now 
sometimes made by mixing a little hydrochloric acid and sodium 
carbonate in the dough ; if proper proportions be taken and 
the whole thoroughly mixed, the operation appears to be very 
successful. 

Another mode of bread-making, now practised on a large scale 
with great success, is that invented by the late ]3r. Daiiglish, 
which consists in agitating the dough in a strong vessel with water 
saturated under pressure with carbonic acid gas. When the dough 
thus treated is subsequently released from this p'^essure and exposed 
to the air, the gas escapes in bubbles, and lightens the mass a.s 
effectually as that evolved within its substance by fermentation. 
The bread thus made, called “aerated bread, is of excellent 
<|uality, not being subject to the deterioration wliich so frequently 
takes place in ordinary bread, when the fermentation is allowed 
to go too far. 

Vinous fermentation^ that is to say the conversion of sugar into 
alcohol and carbon dioxide, never takes place except in presence 
of some nitrogenous body of the albuminoid class in a state of 
decomposition (p. 618). The manner in which these bodies act 
in inducing fermentation is very obscm^e : they neither add any- 
thing to the sugar nor take anything from it ; hut the motion or 
disturhance of tlieir particles, while undergoing yaitrefaction, is 
su])posed to be communicated to the particles of the sugar with 
which they are in contact, and thus to induce the <lecomposition 
above mentioned : hence sucli bodies are called ferments. There 
are other modes of fermentation wliicli sugar and substances allied 
to it are capable of undergoing, and the i>articular change induced 
varies with the kind of ferment present : thus vinous fermentation 
is induted with peculiar facility by yeast; lacious fermentation, 
or the conversion of sugar into laetic acid, by putrefying cheese. 
Another very remarkable circumstance connected with fermenta- 
tion is that it is always accompanied by the development of certain 
minute living organisms — fungi and i^usoria — like those already 
mentioned as existing in yeast. So constantly in<leed is this the 
case, that many chemists and physiologists regard these organisms 
as the exciting cause of fermentation and putrefaction ; and this 
view appears to be corroborated by the fact that each particuLar 
kind ot fermentation takes place most readily in (iontact with a 
certain living organism, or at least with nitrogenous matter con- 
taining it ; thus beer-yeast contains two species of fungus, called 
Torvula cerevisim and Penicillium glaumm, the cells of which fire 
of very different sizes, so that they may be separated by filtering 
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an infusion of yeast, the la cells of the Torvula remaining 
on the filter, 'roile those of the Peniciltium, which are much 
smaller, pass through with the licpiid. Now, it is found that the 
residue on the filter brings a solution of sugar into the state of 
vinous fermentation, whereas the filtered liquid induces lactous 
fermentation. But whether this effect is due to the fungi them- 
selves, or t(j the peculiar state of the albuminous matter in which 
they occur, is a question not yet decided. The investigation is 
attended with peculiar difficulties, arising chiefly from the uni- 
versal diffusion of the germs of these minute organisms, which are 
])resent not only in all decaying albuminous matter, .and on the 
slcins of fruits, leaves, and other parts of plants, but are likewise 
uili'used through the air; so that in exj)eriinents made for the 
j)urpose of ascertaining whether fermentation can take place with- 
out them, it is extremely difficult to ensure their complete ex- 
clusion from the substances under examination.* 


ETHYLIC ETHERS. 


Ethyl Chloride, or Chlorethane, C 2 H 5 CI, or C 


CH3 

Ho , often 

cf 


called HydrorJiloric ether , — To prepare this compound, rectified 
spirit of wine is saturated with dry hydrochloric achl gas, and 
tlie product distilled at a very gentle heat ; or a mixture of 3 parts 
oil of vitriol and 2 parts of alcohol is poured uj)on 4 parts of dry 
common salt in a retort, and heat apjdied; in either case the 
vapour of the hydrochloric ether should be conducted through 
a little tejud water in a wash-bottle, and thence into a small 
receiver surrounded by ice .and salt. It is purified from adhering 
water by contact with a few fragments of fused calcium chloride. 
Hydrochloric ether is a thin, colourless, and excessively volatile 
liquid, of a penetrating, aromatic, and somewhat .alliaceous odour. 
At the freezing point of water, its sp. gr. is 0*921, and^lt boils 
at 12 * 6 °: it is soluble in 10 parts of water, is but incompletely 
decomposed by solution of silver nitrate when the two are neated 
together in a sealed tube, but is quickly resolved into potassium 
chloride and ethyl alcohol by a hot atiueous solution of caustic 
potash ; 


C 2 H 5 CI + KOH = KCl + C 2 H 5 OH. 

With ^coholic pobash, on the other hand, or potassium ethylate, 
it yields ethyl oxide, or common ether : 


C2H,C1 + C2H,0K = KCl + (C2H,)20. 


See the article Fermentation,” in Wattses ’^Dictionary of Cheinistr}^’* 
vol. ii. p, 623. 
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Heated with soda-lime, it yields ethene or olefiari|^as : 

2 C 2 H 5 CI + Na^O = 2 NaCl + }1^0 -f 

When vapour of ethyl chloride is mixed with chlorine gas in a 
vessel, exposed first to diffused daylight, and afterwards to direct 
sunshine, hydrochloric acid is formed, and the chlorine displaces 
one atom of hydrogen in the ethyl chloride, producing monochlori- 
nated ethyl chloride, or dichlorethane, C 2 H 4 CI 2 , a colourless, oily 
liquid, isomeric with ethene chloride or Dutch liquid. By the 
prolonged action of chlorine in excess, the compounds CoH^Clg, 
C 2 H 2 CI 4 , CoHClfi, and C 2 Cle, are produced, the last of whi(m is a 
crystalline oody, identical with the carbon trichloride produced by 
the action of chlorine on Dutch liquid. 

Ethyl Bromide, or Bromethane, CgHgBr, also called Hy- 
drobromic ether^ is prepared by distilling a mixture of 8 parts 
bromine, 1 part phosphorus, and 39 parts alcohol. It is a very 
volatile liquid, heavier than water, having a penetrating taste and 
odour, boiling at 41° 

Ethyl Iodide, or lodethane, C 2 H 5 I) ^Iso called Hydriodic 
ether j may be conveniently prepared with 5 parts of phosphorus, 
70 parts of alcohol (of 0*84 sp. gr.), and 100 parts of iodine. The 
phosphorus is introduced into a tubulated retort, covered with 
part of the alcohol, and heated to fusion. The rest of the alcohol 
18 poured upon the iodine, and the solution thus obtained is allowed 
to flow gradually through a tap-funnel into the retort. The brown 
liquid is at once decolorised, and ethyl iodide distils over, which 
is condensed by a good cooling apparatus. The distillate, consist- 
ing of alcohol and ethyl iodide, is again poured on the residuary 
iodine, which is thus rapidly dissolved, introduced into the retort, 
and ultimately entirely converted into ethyl iodide. The latter is 
washed with water to remove adhering alcohol, separated from 
this water by a tap-funnel, digested with calcium chloride, and 
rectified in the water-bath. Ethyl iodide may also be formed by 
heatingltn a sealed glass vessel a mixture of hydriodic acid and 
olefiant gas. It is a colourless liquid, of penetrating ethereal 
odour, having a density of 1-92, and boiling at 72° It becomes 
red by exposure to light, from a commencement of decomposition. 
This substance has become highly important as a source of ethyl, 
aiid from its remarkable deportment with ammonia, which will 
be discussed in the Section on Organic Bases. 

Ethyl Oxide, or Ethylic ether, C 4 H 10 O = C2H5(OC2H6) = 
(C 2 H 5 ) 20 . This compound, also called common ether, or simply 
etlier, contains the elements of 2 molecules of alcohol minus 
1 molecule of water : 

2C2HeO ~ H 2 O - C4H4oO; ^ 

and it is in fact produced by the action of various dehydrating 
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agents, such as zinc chloride, phosphoric oxide, and strong sul- 
])liuric acid, uj)Oii alcohol. The process does not appear, however, 
to be one of direct dehydration, at least in the case of sulphuric 
acid ; for wlien that acid is heated with alcohol to a certain tem- 
perature, it does not become weaker by taking water from the 
alcohol, but ether and water distil over together, and the sulphuric 
acid remains in its orimnal state, ready to act in the same manner 
on a fresh portion of alcohoL The reaction is in fact one of sub- 
stitution, the ultimate result being the conversion of alcohol, 
€2115(0 H), into ether, C2H5(OC2H5), bv the substitution of ethyl 
for nydrogen. The manner in which this takes place will be 
l>etter understood when another mode of the formation of ether 
has been explained. 

When a solution of sodium ethylate, NaOC^Hg, in anhydrous 
alcohol, obtained by dissolving sodium to saturation in that liquid, 
is mixed with ethyl iodide, double decomposition takes place, 
resulting in the formation of sodium iodide and ethyl oxide : 

NaOCgHfi + C2H5I = Nal + C2H5(OC2H5). 

The result would be the same if chloride or bromide of ethyl were 
substituted for the iodide: moreover, when methyl iodide is 
added, instead of the ethyl iodide, an oxygen-ether is formed con- 
taining both ethyl and methyl : 

NaOC 2 H ’5 + fallal == -f C2H5OCH3. 

Sodium ethylate. Methyl Ethyl-methyl 

iodide. ether. 

In each case the reaction consists in an interchange between the 
sotlium and the alcohol-radical. 

Now, w^hen alcohol is healed with strong sulphuric acid, the 
first result is the formation of elhylsiilphuric acid, S02(0C2H5)0H, 
by substitution of ethyl for hydrogen in the acid : 

S 02 ( 0 H)( 0 n) + C 2 H,(OIi) = H(OH) + S 02 ( 0 C 2 H,X 0 H) ; 

Sulphuric Alcohol, Water. Ethjdsulpliuric 

acid. acid. « 

and when the ethylsulpliuric acid thus formed is brought in con- 
l^ict, at a certain teniperatime, with a fresh portion of alcohol, the 
reverse substitution tnkes place, resulting in the formation of 
ethyl oxide and sulphuric acid : 

S02(0C2Tl5)(0H) + C2H5(0H) - C2H50C2n5 + S02(0H)2 

Ethylsuljihunc Alcohol. Ether. Sulphui*ic 

acid. acid. 

The sulphuric acid is thus reproduced in its original state, and iJ* 
the supply of alcohol be kept up, and the temperature maintained 
within certain limits, the same series of actions is continually 
repeated, and ether and water distil over together. 

The most favourable temperature for etherification is between 
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127® and 164® C. (|260® and 310? F.) ; below 127® very little ether 
is produced, and above 154® a different reaction takes place, result- 
ing in the formation of olefiant gas. The maintenance of the 
temperature within the ether-producing limits is best effected by 
boiling the mixture of sulphuric acid and alcohol in a flask into 
which a further quantity of alcohol is supplied in a continuous 
and regulated stream. This is called the continuous ether 
process. 

A wide-necked flask a (fig. 159), is fitted with a sound cork 
perforated by three apertures, one of which is destined to receive 
a thermometer with the graduation on the stem ; a second, the 
vertical portion of a long, narrow tube, terminating in an orifice 
of about inch in diameter ; and the third, a wide bent 

tube, c, connected with the condenser, to carry off the voIatilise<l 
products. A mixture is made of 8 parts by weight of concentrated 
sulphuric acid, and 5 parts of rectified s}>irit of wine, of about 
0*834 sp. gr. This is introduced into the flask, and heated by a 
lamp. The liquid soon boils, and the thermometer very shortly 
indicates a temperature of 140"^ C. (284® F.). When this happens, 
alcohol of the above density is suffered slowly to enter by the 
naiTow tube, which is put into communication with a reservoir 6, 
of that liquid, consisting of a large bottle perforated by a hole 
near the bottom, and furnished with a small brass stopcock fitted 
by a cork ; the stopcock is secured to the end of the long tube 
by a caoutchouc connector. As the tube passes nearly to the 
bottom of the flask, the alcohol gets thoroughly mixed with the 
acid liquid, the hydrostatic jiressure of the fluid column being 
sufficient to ensure the regularity of the flow ; the quantity is 
easily adjusted by the aid of the stopcock. For condensation a 
Liebig's condenser may be used, supplied with ice-water. 

The inten.sity of the heat, and the supply of alcohol, must bo 
so adjusted that the thermometer may remain at 140°, or as 
near that temperature as possible, while tlie contents of the flask 
are maintained in a state of rapid and violent ehnllition — a point 
of essential importance. Ether and water distil over together, 
and collect in the receiver, forming two distinct strata : the mix- 
ture slowly blackens, from some slight secondary action of the 
acid upon the spirit, or upon the impurities in the latter, but 
retains, after many hours' ebullition, its etherifying powers 
unimpaired. The acid, however, slowly volatilises, pfirtly in the 
state of oil of udne^ and the quantity of liquid in the flask is 
found, after the lapse of a considerable interval, sensibly dimin- 
ished. This loss of acid constitutes fhe only limit to the duration 
of the process, which might otherwise be continued indefinitely. 

On file large scale, the flask may be replaced by a vessel of 
lead, the tubes being also of the same metal : the stem of the 
thermometer may be made to pass air-tight through the cover, 
and heat may jierhaps be advantageously applied by high-pres- 
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sure steam, or hot oil, circulating in a spiral tube of metal 
jnmxersed in the mixture of acid and spirit. 

The crude ether is to be separated from the water on which it 
floats, agitated with a little solution of caustic potash, and re- 
distilled by the heat of warm water. The aqueous portion, 
treated witn an alkaline solution, and distilled, yields alcohol 
containing a little ether. Sometimes the spontaneous separation 



]>efore mentioned does not occur, from the accidental presence of 
a larger quantity than usual of undecomposed alcohol ; the addi- 
tion of a little water, however, always suffices to determine it. 

Pure ethylic ether is a colourless, transparent, fragrant liquid, 
very thin and mobile. Its sp. gr. at 15‘5 is about 0*720 ; it boils 
at 35*6° C. (96° F.) under the pressure of the atmosphere, and bears 
without freezing the severest cold. When dropped on the hand 
it occasions a sharp sensation of cold, from its rapid volatilisation. 

4 Ether is very combustible, and burns with a white flame, generat- 
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iiig water and carbon dioxide. Altliougli tlie substance itself is 
one of the lightest of liquids, its vapour is very heavy, having a 
density of 2*586 (referred to air). Mixed with oxygen gas, and 
fired by the electric spark, or otherwise, it explodes with llie 
utmost violence. Preserved in an imperfectly stopped vessel, 
ether absorbs oxygen, and becomes acid from the production of 
acetic acid : this attraction for oxygen is increased by elevation of 
temperature. It is decomposed by transmission through a red-hot 
tube into ethene, methane, aldehyde, and ethine, and two sub- 
stances yet to be described. 

Ether is miscible with alcohol in all proportions, but not with 
water ; it dissolves to a small extent in that liquid, 10 parts of 
water taking up about 1 part of ether. It may be separated from 
alcohol, provided the quantity of the lat.ter is not excessive, by 
addition of water, and in this manner samples of commercial ether 
may be conveniently examined. Ether dissolves oily and fatty 
substances generally, and phosphorus to a small extent, also a few 
saline compounds and some organic principles ; but its powers 
in this respect are much more limited than those of alcohol or 
water. 

Anhydrous ether, subjected to the action of chlorine, yields the 
three substitution-prodixcts C-HgCl^O, C4H0CI4O, and C4CI10O, 
the first two of which are liquids, while the third, 2>roduced by the 
prolonged action of chlorine on ether in sunshine, is a crystalline 
solid. The second chlorine compound is converted by hydrogen 
sulphide into the two crystalline compounds C4HeCl2SO, and 
04HqS20. 

EthyUmethyl oxide^ Ethyl-methyl ether^ Ethyl methylate^ or Methyl 
ethylate, C^HgO = C2H5OCH3, is produced, as already mentioned, 
by the action of methyl iodide on potassium ethylate, or of ethyl 
iodide on potassium methylate. It is a very inllammable liquid, 
boiling at 11°. 

Ethyl Nitrate, CgH^NOg, or C2H0ONO2 . — Nitric ether , — 
When nitric acid is heated with alcohol alone, part of the alcohol 
is oxidised, and the nitric acid is reduced to nitrous acid, which, 
with the remainder of the alcohol, forms ethyl nitrite, C2Hr,NOo, 
together with other products ; but by adding urea to the liquid, 
which decomposes the nitrous acid as fast as it is formed, this 
action may be prevented, and the alcohol and nitric acid then 
form ethyl nitrate. The experiment is most safely conducted on 
a small scale, and the distillation must be stopped when seven- 
eighths of the whole have passed over ; a little water added to the 
distilled product separates the nitric ether. Nitric ether boils at 
85 ° or 86°, and has a density of 1 * 112 ; it is insoluble in water, has 
an agreeable sweet taste and odour, and is not decomposed by an 
aqueous solution of caustic potash, although that substance dissolved 
in alcohol attacks it even in the cold, with production of potas- 
sium nitrate. Its vapour is apt to explode when strongly heated. 
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Ethyl Nitrite, C^li^^O^—Nitroiis ether. — Pure nitrous ether 
can only he obtained hy the direct action of the acid itself uj»oii 
alcohol. 1 jwirt of starch and 10 parts of nitric acid are gently 
heated in a capacious retort or flask, and the vaf>our of nitroiis 
acid thereby evolved is conducted into alcohol mixed with 
half its weight of water, contained in a two-necked bottle, which 
is to be plunged into cold water and connected with a good con- 
densing arrangement. Kise of temperature must be carefully 
avoided. The product of this operation is a pale-yellow volatile 
liquid, having an exceedingly agreeable odour of apples : it boils at 
16 ’ 4 °, and has a density or 0 * 947 . It is decomposed by potash, 
without darkening, into potassium nitrite and alcohol. 

The sweet spirits of nitre of pharmacy, prepared by distilling 
three pounds of alcohol with four ounces of nitric acid, is a solu- 
tion of nitrous ether, aldehyde, and several other substances, in 
spirits of wine. 

Ethyl Sulphates. — There are two of these ethers, correspond- 
ing to the methyl sulphates. 

Acid Ethyl sulphate, Ethylsulphuric acid, or Sulphovinic acid, 
CaHeSO^ = CgH.OSOgH - SO/OC^H.XOH) = S04(C^H,)H, whicli 
has the composition of sulphuric acicl, SO4H2, with half the hydro- 
gen replaced by ethyl, is formed by the action of suli^huric aci<l 
upon alcohol. To j^repare it, stropg rectified sj>irit of wine is 
mixed with twice its weight of concentrated sulphuric acid : the 
mixture is heated to its boiling point, and then left to cool. When 
cold, it is diluted with a large qu.aiitity of water, and neutralised 
with chalk, w^hereby much calcium sulphate is produced. The 
mass is phiced upon a cloth filter, drained, and pressed ; and the 
clear solution is evaporated to a small bulk by the heat of a water- 
bath, filtered from a little sulphate, and left to crystallise: ihe 
product i§ calcium ethylsuljdiate, in beautiful, colourless, trans- 
parent crystals, ccmtainiiig Ca"(C2H^)2(B0p2-2H20. They dissolve 
jn an equal weight of cold water, an<l erlloresce in a dry atmo- 
sphere. 

Barium ethylsulphate, 2H2O, equally soluble, 

and still more beautiful, may be produced by substituting, in the 
above process, barium carbonate for chalk: from this substance 
the acid may be procured by exactly precipitating the base with 
dilute sulphuric acid, and evaporating the filtered solution in a 
vacuum at the temperature of the air. It forms a sour, syrupy 
liquid, in which sulphuric acid cannot be recognised by the ordi- 
nary reagents, and is very easily decomposed by heat, and even by 
long exposure in the vacuum of the air-pump. All the ethylsul- 
phates are soluble ; the solutions are decomposed by boiling. The 
lead-Sf'ilt resembles the barium-comi)ound. The potassium salt, 
K(C2H5)S0^ — easily made by decomposing calciimi ethylsulphate 
with potassiiun carbonate — ^is anhydrous, permanent in the air, 
very soluble, and crystallises well. 
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Potassium etliylsvilphate distilled Avitli concentrated siilpluiric 
acid, gives ether; with dilute sulphuric acid, alcohol; arul with 
strong acetic acid, acetic ether. The ethyls ulphates heated with 
calcium or h^ft*ium hydrate, yield a sulphate of the base and 
alcohol. 

Isethionic acid, an acid isomeric with ethylsul- 

phuric acid, is obtained, as already observed, by boiling ethionic 
acid (p. 574) with water; also by the prolonged action of strong 
sulphuric acid or sulphuric oxide on alcohol or ether, and is found 
among (he residues of the preparation of ether. It is a viscid, 
stron^y acid liquid, which decomposes acetates and common salt, 
bears without decomposition a heat of 150°, but blackens at a 
hi^er temperature. 

The metallic isethionates are soluble and crystallisable, and are 
distinguished from the ethylsulphates, with which they are iso- 
meric, by their much greater stability, most of them sustaining, 
without alteration, a temperature of 200 °. 

Potassium isethionate, C 2 H 5 KSO 4 , distilled with phosphorus 
pentachloride, yields isethionic chloride, CgH^SOgClg; and 
this compound, heated in sealed tubes with ammaaia, is converted 
into taurine, a neutral crystallisable substance likewise obtained 
from bile : 

C 2 H 4 SO 2 CI 2 + NH 3 + H 2 O = 2HC1 + CgH^NSOg 

Isethionic Taurine, 

chloride. 

Taurine, treated with nitrous acid, is reconverted into isethionic 
acid. 

Neutral Ethyl sulphate^ (00^115)2804, or 802(003115)2, is formed 
by passing the vapour of sulphuric oxide into perfectly anhydrous 
ether. A syrupy liquid is produced, which, when shaken with 
4 vols. of water and 1 vol. 01 ether, se])arates into two layers, the 
lower containing ethylsulphuric acid and various other compounds, 
while the upper layer consists of an ethereal solution of neutral 
ethyl sulphate. At a gentle heat the ether is volatilised, and the 
ethyl sulphate remains as a colourless liijuid. It cannot be dis- 
tilled without decomposition. 

£thyl Sulphites. — The acid sulphite^ or Ethylsulphurous acid^ 
(C 2 H 5 )HS 03 , is produced by the action of nitric acid on ethyl 
sulphydrate or sulphocyanate. When concentrated by evapora- 
tion it is a heavy oil of specific gravity 1‘30. It is a monobasic 
acid, forming crystallisable salts, which decompose when heated, 
giving off sulphurous oxide. — Neutral Ethyl mtphite^ ( 03115 ) 280 .;, 
is obtained by adding absolute alcohol in excess to chlorine bisul- 
phide (p. 210 ). Hydrochloric acid is evolved, and sulphur de- 
posited, while the ethyl sulphite distils as a limpid strongly- 
smelling liquid, of sp. gr. 1*085, boiling at 170°; it is slowly 
decomposed by water. 
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Ethyl Phosphates. — Three ethyl orthoph()s])Lates have been 
obtained, two acid and one neutral, analogous in composition to 
the sodium pliosphates ; also a neutral pyrophosphate. 

Monethylic Phosphate^ or Ethylphosphoric acid^ ((^2^5)^21^04? oi* 
(P0)'"(0C2H5)(0H)2, also called Phosphovinic acid, — This acid is 
bibasic. Its barium salt is prepared by heating to 82^^ a mixture 
of equal weights of strong alcohol and syrupy phosphoric aci<1, 
diluting this mixture, after the lapse of 24 hours, with water, and 
neutralising with barium carbonate. The solution of ethylphos- 
phate, separated by filtration from the insoluble phosphate, is 
evaporated at a moderate temperature. The salt crystallises in 
brilliant hexagonal plates, which have a pearly lustre, and are 
more soluble in cold than in hot water; it dissolves in 15 parts of 
water at 20° The crystals contain (C2H5)Ba'T0^.6Ho0, From 
this salt the acid may be obtained by precipitating the barium 
with dilute sulphuric acid, and evaporating the filtered liquid in 
the vacuum of the air-purni) : it forms a colourless, syrupy liquid, 
of intensely sour taste, sometimes exhibiting appearances of crys- 
tallisation. It is very soluble in water, alcohol, and ether, and 
decomposed by heat when in a concentrated state. The 

S hosphates of calcium, silver, and lead are but slightly 
those of the alkali-metals, magnesium, and strontium, 
are freely soluble. 

Diethylic Phosphate^ or Diethylphofiphoric acid, (C2H5)2HP04, or 
(POy'''(OC2H5)2((3H), is a monobasic acid, obtained, together with 
the preceding, by the action of syrupy phosphoric acid upon 
alcohol. Its barium, silver, and lead-salts are more soluble than 
the methyl-phosphates. The calcium salt, (C2H-)4Ca''(P04)2, and 
the lead-salt, (C2H5)2Pb"(P04)2, are anhydrous. 

Triethylic Phosphate, (C2H5)3P04, or (PO)'"(OC^H.)3, is obtained 
in small quantity by heating the lead-salt of dicthylphosphoric 
' acid to l()(r, more easily by the action of ethyl-iodide on triargentic 
phosphate, or of iDhospliorus oxychloride on sodium ethylate : 

SCaH^ONa + (POy'^Clg = 3NaCl + (PO)'"(OC2H,,)3 , 

It is a limpid liquid of sp. gr. 1-072 at 12°, boiling at 215°, soluble 
in alcohol and ether, and also in water, by which however it is 
slowly decomposed. 

Tetrethylic Pyrophosphate, (C2H^,)4P207, produced ])y the action 
of ethyl iodide on argentic pyrophosphate, is a viscid liquid of sp. 
gr. 1-172 at 17°, decomposed by potash, with formation of potassium 
diethylphosphate. 

Ethyl Borates . — Triethylic Borate, (03115)3303, is formed by 
the action of boron trichloride on alcohol : 

3C2H5(0H) + BCI3 = 3HC1 + (a,U,)sBO,; 

also together with monethylic borate, by heating boric oxide with 
absolute alcohol. 
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It is a thill limpid liquid, of agreeable odour, sp. gr. 0*885, hoil- 
ing at 119®, decomposed by water. Its alcoholic solution burns 
with a green flame, throwing off a thick smoke of boric acid. 
Treated with zinc-ethyl (p. 590) ib yields borethyl, 8(02115)3, a 
colourless, mobile, pungent, spontaneously inflammable liquid, 
having a sp. gr. of 0*696, and boiling at 95®. 

Monethylic Borate^ 026580^ is a dense inodorous liquid, having 
at 120® the consistence of oil of vitriol. It cannot be distillecl 
without decomposition, being resolved at high temperatures 
into triethylic borate and monethylic triborate CgHeBoOr or 
C2H5BO2.B2O3 : 

4(C2H5)B02 = (C2H5)3B03 + (C 2 H 5 )B 305 . 

The latter remains as a mass resembling gum-arabic ; it attracts 
moisture from the air, and becomes covered with a crust of boric 
acid. 

Ethyl Silicates. — Tetrethylic silicate^ (C2H5)4Si04, or 
Si‘\OC2H5)4, is produced by treating silicic chloride with a small 
quantity of anhydrous alcohol : 

4C2H5OH + SiCl4 = 4HC1 + Si(OC2H5)4. 

It is a colourless liquid, having a rather pleasant ethereal odour, 
and strong peppery taste ; sp. gr. 0*993 at 20®. It boils without 
decomposition between 165® and 166®, and when set on fire bums 
with a dazzling flame, diffusing a white smoke of finely divided 
silica. It is decomposed slowly by water, quickly by ammonia 
and the fixed alkalis. 

Silicic ethers containing ethyl and methyl, and ethyl and amyl, 
have likewise been obtained. 

The ethylic ethers of organic acids (carbon acids) will be described 
in connection with those acids. 

Ethyl Sulphydrate or Mercaptan, CgH^SH. — This com- 
pound, the sulphur analogue of ethyl alcohol, is produced, 
analogously to methyl sulphydrate (p. 570), by the action of 
potassium sulphydrate on calcium ethylsulphate. A solution of 
caustic potash of sp. gr. 1*28 or 1*3, is saturated wdth sulphuretted 
hydrogen, and mixed in a retort with an equal volume of solution 
of calcium ethylsulphate of the same density. The retort is con- 
nected with a good condenser, and heat is applied by means of a 
bath of salt and water. Mercaptan and water distil over together, 
and are easily separated by a tap-funnel. The product thus 
obtained is a colourless, limpid liquid, of sp. gr. 0*842, slightly 
soluble in water, easily miscible with alcohol. It boils at 36®. 
The vapour of mercaptan has a mdfet intolerable odour of onions, 
which adheres to the clothes and person with great obstinacy : it 
is very inflammable, and burns with a blue flame. 

When mercaptan is brought in contact with mercuric oxicje, 
even in the cold, violent reaction ensues, water is formed, and a 
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white substance is produced, soluble in alcohol, and separating 
from that liquid in distinct crystals which contain (CjjH5)2Hg"S^ 
This compound is decomposed by sulphuretted hydrogen, mercuric 
sulphide being thrown down, and mercaptan reproduced. By 
adoing solutions of lead, copper, silver, and gold to an alcoholic 
solution of mercaptan, corresponding compounds containing those 
metals are formed. Caustic potash j)roduces no effect upon mer- 
captan, but potassium displaces hydrogen, and gives rise to a 
crystallisable compound, C2H5SK, soluble in water. Sodium acts 
in a similar manner. 

Ethyl Sulphides. — Three of these compounds have been ob- 
tained, analogous in composition to the methyl sulphides, and 
produced by similar reactions. The mmisulphide, (02115)28, or 
C0H5SC2H5, is a colourless oily liquid, having a very pungent 
alliaceous odour, a specific gravity of ()‘825 at 20°, and boiling at 
72°, It is very inflammable, and burns with a blue flame. When 
poured into chlorine gas, it takes fire ; but when dry chlorine is 
passed into a flask containing it, not at first into the liquid, the 
vessel being kept cool and in the shade, substitution -products are 
formed and hydrochloric acid is copiously evolved. The product 
consists chiefly of dichlorethylic sulphide, (C2H4C1)2S. If 
the action takes place in diffused daylight, and without external 
cooling, the compounds (C2H2Cl;d2S and (0211014)28 are obtained, 
which may be separated by fractional distillation, the first boiling 
between 189° and 192°, the second between 217° and 222°. The 
action of chlorine on ethyl sulphide in sunshine yields a more 
highly chlorinaf ed compound, probably (02015)28. 

Ethyl bisulphide^ (^2^6)282, obtained by distilling potassium bi- 
sulphide with potassiimi ethylsuljdiate or with ethyl oxalate, is a 
colourless oily liquid, very inflammable, boiling at 161°. The 
trisulphide^ (^2115)283, is a heavy oily liquid, obtained by acting in 
like manner on potassium peiitasulphide. 

Triethylsulphurous Compounds. — When ethyl monosul- 
]>hide ancl ethyl iodide are heated together, they unite and form 
sulphurous iodotriethide, (02115)28 . 02H5I, or S*’"(C2Hp3l, 
which crystallises in needles. The same compound is formed by 
the action of ethyl iodide on ethyl sulphydrate : 

2O2H5I + O2H58H = HI + S(C2H5)3l, 

or of hydrogen iodide on ethyl monosulphide : 

HT.+ 2 ( 02 H 5 ) 2 S = O2H5SH + 8(02115)3!. 

Sulphurous iodotriethide is iiftoluhle in ether, slightly soluble in 
alcohol, and crystallises from the solution in white deliquescent 
needles belonging to the monoclinic system. It unites with 
metallic chlorides. 

Ethyl chloride and ethyl bromide unite in like manner, but less 
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readily, with ethyl sulphide, forming the compounds 8(02115)301 
and S(C2H||)3Br, both of which crystmlise in needles. 

By treatmg the iodine-compound with recently precipitated 
silver oxide, a strongly alkaline solution is obtains, which dries 
up over oil of vitriol to a crystalline deliquescent mass, consisting 
of sulphurous triethyl-hydroxy late, (02H5)3S(0H). The 
solution of this substance dissolves the skin like caustic potash, 
and forms similar precipitates with various metallic salts. It 
neutralises acids, forming definite crystallisable salts, e.jf., the 
nitratCy (C2H.)3S(0N02), the acetatCy (02115)38(0021130), &c. 

The formulae of these compounds show that sulphur is at least 
quadrivalent (p. 259 ). 

Other compounds, in which the sulphur may be regarded as 
sexvalent, are obtained by combining ethyl sulphide and ethene 
sulphide, S(02H4), with ethene di bromide ; thus sulphuric 
diethene-dibromidey S^*(C2H4y'2Br2 , is formed by combination ol 
8(02X14) with (C2H4)Br2, and sulphuric diethyUethene-dihromidcy 
S^*(C2H5)2(C2H4y'Br2, by combination of S(C2H5)2 with (C2H4)Br2. 

Ethyl Telluride, Telluric Ethide or Tellurethyl, Te'XC2H5)2. 
— This compound is obtained by distilling potassiiun telluride 
with potassium ethylsulphate : 

Te"K2 + 2K(C2H5)S04 = 2K2SO4 + Te"(C 2 H 5 ) 2 . 

It is a heavy, oily, yellowish-red liquid, very inflammable, 
and having a most intolerable odour. It acts as a bivalent radical, 
uniting with chlorine, bromine, oxygen, &c., to form compounds 
in which the tellurium enters as a tetrad, e,g,y Tq''' 
Te-(C2H5)20^_ &c. The nitrate is obtained by treating tellurethyl 
with nitric acid ; the other salts by double decomposition ; tlie 
chloridcy for example, settles down as a heavy oil, on adding 
hydrochloric acid to a solution of the nitrate. The oxide is best 
prepared by treating the chloride with water and silver oxide ; it 
dissolves in water, forming a slightly alkaline liquid. 

Selenic Ethide or Selenethyl, 80(02^5)2? prejmred like teh 
lurethyl, is also a fetid liquid, exactly resembling the tellurium 
compound in its chemical relations. 

Metallic Compounds of Ethyl, 

Zinc-ethyl or Zinc Ethide, Z?i"(C2H5)2.- — This compound, dis- 
covered by Frankland, is formed, together with zinc iodide, when 
ethyl iodide is heated with metallic zinc in a sealed glass tube, or, 
for larger quantities, in a strong and well closed copper cylinder : 
2C2H5I + Zn2 == ZUI2 + Zn(C2^r>)2^ products remain 

combined together in the form of a white crystalline mass, from 
which the zinc-ethyl may be separated by distillation in an atmo- 
sphere of hydrogen. It is a mobile and Very volatile liquid, baby- 
ing a disagreeable odour, taking fire instantly on coining 111 contact 
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with the air, and diffusing white fumes of zinc oxide. Water 
decomposes it violently,, with formation of zinc hydrate, and evolu- 
tion of ethyl-hydride : 

Zn(C 2 H 5)2 2 H 2 O = ZnHgOg + SCgHg . 

When gradually mixed with dry oxygen^ it passes through two 

stages of oxidation, yielding first zinc-ethyl ethylate, Zn" | ’ 

and finally ziiic-ethylate, Zn"(OC 2 H 5 ) 2 . With iodine and otlier 
halogens, the reaction also takes place by two stages, but consists 
in the successive substitution of the halogen for the ethyl ; 
thus : 

Zn(C2H,)2 + I 2 = C2H,I + ZnCCTOI, 

and 

Zn(C2H,)I + I 2 - Cyf,I -f Znl2. 

Zinc ethide has become a very important reagent in organic 
chemistry, serving to effect the substitution of the positive radical 
ethyl for chlorine, iodine, and other negative elements in com- 
pounds, and thus enabling us to build up carbon compounds from 
others lower in the scale. Many examples of these reactions will 
be given further on. In like manner it serves for the prejiaration 
of many other organo-metallic bodies. The following efj^uatious 
exhibit the mode of formation of mercuric ethide, stannic ethide, 
and triethylarsine by means of zinc ethide : 

+ ng"Ol2 = ZnCl2 + Hg"(C2H,)2 

+ Sn-01, == 2ZnC]2 + 

-f 2As'"Cl3 = 3ZnCl2 + 

Potassium Ethide, and Sodium Ethide, CgH^Na, 

are not known in tlie separate state, but only in combination with 
zinc-ethyl. These mixed compounds are i)ro(luced by the action 
of potassium or sodium on zinc-ethyl ; thus, 

3 Zn{C,ll,), + Na^ = Zn + 2(C,H,)3 j 

These compounds and tlieir honiologues, discovered by Wanklyn, 
have also played an important part in chemical synthesis. 

Mercuric Ethide, Hg"(C 2 H 5 ) 2 . — This compound is foiined, as 
already observed, by the action of mercuric chloride on zinc ethide, 
but it is more easily prepared by the action of sodium-amalgam 
on ethyl iodide in presence of acetic ether : 

2 C 2 H 5 I + Naa + Hg = 2 NaI + 

The acetic ether takes no pait in the reaction ; nevertheless its 
presence appears to be essential. 

Mercuric ethide is a transparent colourless liquid, boiling at 
159° It bums with a smoky flame, giving off a large quantity of 
mercurial vapour. Chlorine, bromine, and iodine remove one 


Zn"(a,H,2 

2Zn"(C3H,), 

SZn'XC^Hs)^ 
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equivalent of ethyl from this compound, and take its place, form- 
ing mercuric chlorethide, &c. ; thus, 

Hg(C,H,)2 +.CI2 - C3H5CI +^Hg(C2H,)Cl. 

A similar action is exerted by acids, e.gr., by^hydrobromic.acid ; 
the products being ethane and mercurjc brometliide : 

. Ilg(C^s)2 + HBr = C^He + lig(C^U,)BT. 

The chlorethide or bromethide is converted by water into mer- 
curic ethyl-hydrate, Hg"(C 2 H 5 XOH). Mercuric ethide serves for 
the preparation of several other organo-metallic bodies. 

Aluminium Ethide, A 1 '"'(C 2 H 5)2 or (Al 2 )^*(C 2 H 5 )., resembles 
the methyl compound (p. 571). It boils at 194°, ana its vapour 
likewise exhibits, at temperatures considerably above its boiling 
point, a density nearly equal to that required by the formula 
AI(C 2 ^ 6 ) 3 > ^ two-volume condensation. 

Ethyl Compounds of Tin. — Tin forms two ethyl compounds, 
Sn'XG 2 ^ 6)2 ^tnalogous to stannous and stannic 

chloride ; also a stannoso-stannous ethide, 8112 ( 02115 )^, analogous 
in constitution to ethane, CgHg. Stannic ethide is a saturated 
compound, but the other two are unsaturated bodies, capable of 
uniting with chlorine, bromine, oxygen, and acid radicals, and 
being thereby converted into compounds of the stannic tyjie. 

Stannous Ethide, Sii'''(C2H5)2. — When ethyl iodide and tinfoil 
are heated together in a sealed glass tube to about 150° or 180°, 
stannic iodethide,Sn'XC 2 H 5 ) 2 l 2 ,i 9 produced, crystallising in colour- 
less needles. The same compound is obtained when tin and ethyl 
iodide are exposed to the rays of the sun concentrated by a con- 
cave mirror. The reaction is considerably facilitated if the tin be 
alloyed with one-tenth of its weight of sodium. This iodide is 
ilecomposed by sodium or zinc, which abstracts the iodine and 
leaves stannous ethide in the form of a thick, oily liquid, insgluble 
in water, and having the sj). gr, 1*55. Stannous ethide combines 
directly wdth 2 atoms of chlorine, iodine, and bromine, forming 
stannic chlorethide, Sn*XC 2 H 5 )^Cl 2 , &c. Exposed to the air, it 
absorbs oxygen and is converted into stannic oxethide, Sn*'(C 2 H 5 )^ 0 , 
a whitish, tasteless, inodorous powder, which when treated with 
oxygen-acids, yields well crystallised stannic salts, such as 
Sn‘XC 2 H 5 ) 2 (NO,) 2 , Sn‘XC 2 H 5 ) 2 S 04 , &c. 

Stannoso-stannic Ethide, SnXCgHg)^ is always produced in 
small quantity when stannous ethide is prepared by the methods 
alK)ve mentioned. It is readily obtained in the free state by 
digesting an alloy of 1 part of sodium and 5 parts of tin with 
ethyl ^dicle, exhausting the mass wdth ether, evaporating the 
ether^J* solution, and exhausting the residue with alcohol. The 
stannoso-stannic ethide, being insoluble in that liquid, then re- 
mains behind. It is a yellow oil, boiling at 180°, combining 
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directly with chlorine, hromme, and iodine to form two moleculetj 
of a stj^nnic compound, e.gr., 

, SnaCCjH^ + Cl, =» 2Sn''(CaH,)3Cl; 

Stannic chloro-triethide. 

also wi^h oxygen, forming dfstaimic oxy-hexetljide, ,Sn*' 2 (CgH 5 )gO. 
This oxide is, however, beA obtained by distilling stannic oxy« 
diethide, Sn^(C^H 5)20 (above described), with potash. It is an oily 
liquid, soluble in ^cohol, ether, and water ; tlie aqueous solution 
has a strong alkaline reaction. It is easily acted upon by oxygen- 
acids, yielmng the corresponding sulphate, Sn 2 ( 02 H 5 )flS 04 , &c. 

Stannic Ethide, Sn*''(C 2 H 5 b, is produced bv the action of zinc 
ethide on stannic chloride; also by the distillation of stannous 
ethide : 2Sn(C^H5)o = Sn Sn(C 2 H^) 4 . It is a colourless, nearly 
odourless liquid of sp. gr. 1*19, boiling at 181*^, and very inflam- 
mable, burning with a highly luminous flame. When treated 
with clilorine, bromine, &c., or with acids, it forms substitution- 
products : thus, with iodine, it splits up into ethyl iodide and 
stannic iodotriethide, 

Sn(C2H,)4 + I 2 - C^H.I + Sn(C2H,)3l, 

with strong hydrochloric acid, it yields ethane and stannic chloro- 
triethide : Sn(C 2 H 5)4 + HCl -= -f 

Plumbic Ethide, Pb(C 2 H 5 ) 4 , is produced by the action of 
jjlumbic chloride on zinc ethide : 

2Zn(C2H,)2 + 2PbCl2 - 2ZnCl2 + Pb + Pb(C2H3)4. 

It is a colourless limpid liquid, soluble in ether but not in water. 
It is not acted upon by oxygen at ordinary temperatures, but 
chlorine, bromine, and iodine act violently upon it, in the same 
manner as on stannic ethide, forming plumbic chloro-triethide, 
Pb(C 2 H 5 ) 3 Cl, &c. Plumbic ethide is interesting, as affording a 
proof that lead is really a tetrad (p. 450). 

The ethylic compounds of phosphorus, arsenic, antimony, and 
bismuth will he described in connection with the nitrogen bases. 


PROPYL ALCOHOLS AND ETHERS. 

It has already been observed that the three-carbon alcohol, 
CsHp, is susceptible of two isomeric modifications, namely : 


CHs 

/• 

( CH2CH3 1 



C- 

CHgOH 

V. 


rCHa 
CHo 
H ' 
OH 


HgC CH3 

or V 

HUGH 


Normal propyl alcohol. Isopropyl alcohoL 

each of w^hich may give rise to a corresponding set of ethers and 
other derivatives. 
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KTormal Propyl Alcoliol was discovered l)y Cliaucel in 1853, 
in the fusel-oil of tlie residues left in the distillation of brandy 
from wine. It may be obtained synthetically from etbyl-alcohol 
by the following series of processes : — 

1 . Ethyl cyanide, C 3 H 5 N, 0 rCH 2 CH 3 .CN (prej)ared by distil- 
ling a mixture of potassium cyanide and j)otassiuni ethylsul- 
phate, p. 585), is converted into propionic acid, CHgCHg.COOH, 
by boiling with strong caustic potash. 

2 . A mixture of the calcium salts of proiuonic and formic acids 
is subjected to dry distillation, whereby propionic aldehyde is 
obtained : 

CHgCHg.COOCa' + H.COOCa'* = CagCOg + CH 2 CH 3 .COH. 

Calcium propionate. Calcium Calcium Propionic 

formate* caibonate. aldehyde. 

3. The propionic aldehyde, treated with water and sodium amal- 
gam, takes up 2 atoms of hydrogen, and is converted into normal 
propyl alcohol : 

CH 2 CH 3 .COH + H 2 = CH 2 CH 3 .CH 2 OH. 

The series of processes just described affords a general method 
of building up the normal primary alcohols of the fatty group, 
one from the other. It has not, however, been actually carried 
out higher than the six-carhon or hexyl alcohol. 

Normal propyl alcohol is an oily liquid, boiling at 96°, and 
having a specific gravity of 0-8205 at 0 °. By oxidation with a 
mixture of sulphuric acid and potassium dienromate, it is con- 
verted into propionic acid. 

Normal 'propyl chloride^ C 3 H 7 CI, boils at 46-5° ; the bromide at 
70°-71°; the iodide at 102 °; the oxide ( 0311 ^) 20 , at 85°-86°. 

Isopropyl Alcohol, or Secondary Propyl Alcohol, 

CHfCH 3 ) 20 H, — This alcohol is prepared, 1 . From acetone, 
( 00 /^( 0113 ) 2 , by direct addition of hydrogen, evolved by the 
action of water on sodium amalgam : 

H 3 C CH 3 H 3 C OH 3 

V ’ + H 2 =- * V 

CO HCOH 

This mode of synthesis affords direct proof of the constitution 
of isopropylic alcohol, the addition of the two hydrogen-atoms 
being tantamount to the replacement of the bivalent radical 
oxygen by the two monad radicals, hydrogen and hydroxyl. 

2 . Isopropyl iodide is prepared by the action of iodine and 
phosphorus on glycerin ; this iodide is easily converted into the 
oxalate or acetate by treatment with silver oxalate or acetate ; and 

* For the sake of simplicity, the equivalent (20) of calcium is used in 
this equation, instead of the atomic weight. 
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from either of these ethers the alcohol may he obtained by distil- 
lation with potash or soda. 

Isopropyl alcohol is a colourless, not very mobile li<juid, having 
a peculiar odour, a specific gravity of ()-791 at 15°, boiling at 83° 
to 84° under a barometric pressure of 739 millimeters, not freezing 
at — 20°, It does not act on polarised light. It is very difficult to 
dry, as it miAes with water in all proportions, and forms with it 
three definite and very stable hydrates, viz., 3C3H80,2H20, boil- 
ing at 78°-80°; 2C3H8O.H2O, boiling at 80°; and 3C3H8O.H2O, 
boiling at 81°. The second of these hydrates exhibits a very close 
resemblance to ethyl alcohol, has the same percentage composi- 
tion, boils at nearly the same temperature, and likewise yields 
acetic acid by oxidation (see below) ; moreover it retains its water 
of hydration so obstinately, that it ddes not even change the white 
colour of anhjrdrous cupric sulphate to blue. The readiest mode 
of distinguishing between this hydrate and ethyl alcohol is to 
submit them to the action of iodine and phosphorus, whereby the 
former is converted into isopropyl iodide, the latter into ethyl iodide. 

The characteristic property of isopropyl alcohol is that it yields 
acetone by oxidation with dilute chromic acid, this transformation 
being the reverse of that by which it is produced : 

H3C CH3 H3C CH3 

V 4- O = V 4- H2O. 

HCOH CO 

On pushing the oxidation further, the acetone breaks up into acetic 
acid, carbon dioxide and water : 

C0(CH3)2 + 04 = C0(CH3)0H + CO2 + HgO. 

Acetone. Acetic acid. 

The evolution of carhon dioxide in this reaction affords a further 
distinction between hydrated isopropyl alcohol and ethyl alcohol. 

The formation of a ketone by oxidation is the essential charac- 
teristic of a secondary alcohol, and is an immediate consequence 
of its strucinre. The primary alcohols, CnH2n+20, are directly con- 
verted by oxidation into aldehydes, CnH2nO, and acids, CnH2n02, 
having the same number of carbon-atoms as the alcohols them- 


selves, not into ketones ; thus — 

CHo CHo 

I + O - HgO + I 

CH2OH H— C=0 

Ethyl alcohol. Aldehyde. 

C2H4O + O . = C2H4O2 

Aldehyde. Acetic acid. 


Isopropyl alcohol, heated with acetic acid, or with potassium 
acetate and sulphuric acid, is converted into isopropyl acetate, 
(JH(CH 3 ) 20 C 2 H 30 . 
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Isopropyl Iodide, CH(CHo)2l, is most conveniently prepared 
l)y the action of hydriodic acia, concentrated and in large excess, 
on glycerin (propenyl alcohol) CgHgOg : 

CsHgOg + 5 HI = CsH,I + 3H2O + 2 T,. 

The iodine, as fast as it is set free by the reaction, may be recon- 
verted into hydriodic acid by means of phosphorus, and will 
then be ready to act upon another portion of glycerin. The 
iodide may also be produced by the action of hydriodic acid 
on isopropyl alcohol, allyl iodide, C 3 H 5 I, propen e, or propene 
alcohol. 

Isopropyl iodide is an oil boiling at 89®-90°, and having a specific 
gravity of 1*70. With sodium in presence of ether it yields pro- 
pene, propane, and di-isopropyl, (p. 662). Bromine expels 

€he iodine and forms isopropyl bromide. 

By treatment with zinc and hydrochloric acid, which evolves 
^drogen, iswropyl iodide is converted into propane, C 3 H 7 I + 
hi -f- CgHg ; the propane, exposed to the action of chlorine in 
diffused daylight, is partly converted into normal propyl chloride ; 
this, compound, heated with potassium acetate and strong acetic 
acid, yields normal propyl acetate; and the latter, heated with 
potash-l^ in sealed tubes, yields normal propyl alcohol. This 
series of^ reactions affords a general method of converting a 
secondary alcohol into the corresponding normal primary alcohol. 


QUARTYL OR BUTYL ALCOHOLS AND ETHERS. 

Theory indicates the existence of four alcohols included in the 
formula C 4 HJ 0 O, two primary, one secondary, and one tertiary ; 
thus, 



Primary. 

- A_ 

Secondary. 

Tertiary. 

CH3 

HgC CH3' 

CH3 

H3C CH3 

( 

V 

1 

V 

CH3 

CH 

1 

CH3 

COH 

1 

CHj 

1 * 

H2COH 

hAoh 

1 

CH3 

HjCOH 


CH3 


Propyl 

Isopropyl 

Methyl-ethyl 

Trimethyl 

carbinol. 

carbinol. 

carbinol. 

corbinoi. 


( CH2CH2CH3 

Propyl Oarbinol, or Normal Butyl Alcohol, ^ 

— This alcohol is obtained from quartyl or butyl chloride, C4H9CI 
(produced by the action of chlorine on quartane or diethyl, C^Hi^), 
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l)y heating that chloride with potassimii acetate and strong acetic 
acid, where])y it is converted into quartyl acetate, and treating 
that compouTiil with barium hydrate. It is likewise obtained from 
butyric aldehyde (prepared by distilling a mixture of butyrate and 
formate of calcium) by hydrogenation wdth sodium amalgam. It 
boils at 115°, smells like isobutyl alcohol, is much lighter than 
water, slightly soluble therein; with iodine and phosphorus it 
yields normal butyl iodide, boiling at 127°. Oxidation with dilut(^ 
chromic acid converts it into normal butyric acid, CH 2 CH 2 CH 3 . 
COOH. 


rCH(CH3)2 

Isopropyl Carbinol, or Isobutyl Alcohol^ nofe ■ 

— This variety ot primary butyl-alcohol was found by Wurtz in 
the fusel-oil obtained by fermenting the molasses of beet-root 
sugar. To separate it, this oil is submitted to fractional distil- 
lation, and the liquid boiling between 108° and 118° is repeat- 
edly rectified over potassium hydrate, till it boils constantly at 
110 ° 

Pure isopropyl carbinol is a colourless liquid, having an odour 
somewhat like that of amyl alcohol, but less pungent, and more 
vinous : sp. gr. == 0’8032 at 18*5°, It dissolves in lOi times its 
weight of water, and is separated therefrom, as an oil, by calcium 
chloride, sodium chloride, and other soluble salts. By oxidation 
it is converted into isobutyric acid, CH(CH 3 ) 2 »COOH, 

Isopropyl-carbinol is acted upon by acids and other chemical 
reagents much in the same manner as common alcohol (methyl- 
carbinol). With strong sulphuric acid it yields isobutyl-sul- 

E huric acid (C 4 H 9 )HS 04 , if the mixture is kept cool; but on 
eating the liquid, isoquartene, or isobutylene, C 4 H 8 , is given 
off mixed witb sulphurous oxide and carbon dioxide. Heated 
with hydrochloric acid in a sealed tube, or treated with phosphorus 
pentachloride or oxychloride^ it is converted into isobutyl chlo- 
ride, C 4 Hj)C 1 , or chloro-isobutane, an ethereal liquid, having a 
pungent odour, and boiling at 70°. Isobutyl bromide, C 4 H 9 Br, 
obtained in like manner, boils at 89°, the iodide, C4H9I, at 121 °. 
The iodide is decomposed by potassium or sodium, yielding iso- 
dibutyl, CgHjg, a limpid liquid, lifter than water, and boiling 
at 105°. The same hydrocarbon is obtained by the electrolysis of 
ordinary valeric acid, 


Methyl-ethyl Carbinol, or Secondary Butylic Alcohol, 

f CHo 
C H 

6 * — This alcohol is obtained from erythrite, a saccharine 

.OH 

substance having the composition of a tetraiomic alcohol, C,HioO., 
or C 4 H 0 (OH) 4 . The erythrite, distilled with fuming hydriodic acid, 
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yields methyl- ethyl -iodomethane, or secondary butyl iodide, 
C(CH 3 )(C 2 H^)HI, and this liquid, treated with moist silver oxide, 
is convert^ into methyl-ethyl carbinol : 

C(CH 3 )(C 2 H,)HI + AgOH = Agl + 

Methyl-ethyl-carbinol is a colourless oily liquid, having a strong 
odour and burning taste, a specific gravity of 0*85 at 0°, and 
boiling at 95®-98° (about 20® lower than the normal primary 
alcohm). When heated to 250®, it is for^ the most part resolved 
into water and quartene or butylene : CJEL^qO « HgO + C^Hg. 

Methyl-ethjl-iodomethane^ or Secondary Butyl iodide^ prepared 
as above, or by the action of strong hydriodic acid on the alcohol, 
is a liquid having a pleasant ethereal odour, a specific gravity 
of 1*632 at 0 ®, 1*600 at 20 ®, and 1*584 at 30° It boils at 118®. 
Bromine decomposes it, expelling the iodine and forming butylene 
dibromide, C 4 HLCI 2 . When distilled with alcoholic potaSi, it gives 
off butylene. This tendency to give off the corresponding olefine 
is characteristic of all the secondarv alcohols and ethers, as will 
be further noticed in connection with the five-carbon compounds. 

Trimethyl Oarbinol, or Tertiary Butyl Alcohol, 0 | 

is produced by treating zinc methide with carbonyl chloride 
(phosgene gas) or acetyl chloride, and submitting the product to 
the action of water. 


2COC12 

Carbonyl 

chloride. 

+ 

ZnCCHg)., 

Zinc 

methide. 

= ZnClg 

Zinc 

chloride. 

+ 

2COCH3CI 

Acetyl 

chloride. 

COCH3C1 

+ 

Zn(CH3)3 

= ZnO 

+ 

C 1 (gH 3)3 

Acetyl 

chloride. 


Zinc 

methide. 

Zinc 

oxide. 


'ridmetliyl 

chlorom ethane. 

C { <gH 3)3 

+ 

HOH 

= HCl 

+ 


Trimethyl- 

chloromethane. 


Water. 



Trimethyl 

carbinol. 


The other tertiary alcohols, to be noticed hereafter, are obtained 
by similar series of reactioas. Trim ethyl carbinol is solid at 
ordinary temperatures, and forms large colourless crystals. It boils 
at 82®. 

The properties of this, and of the otlier tertiary alcohols, have 
not been much studied. They are distinguished from the primary 
and secondary alcohols by the products which they yield with 
oxidising agents. Primary alcohols of the series CnH 2 n+ 20 , oxi- 
dised with chromic acid, yield, as already observed, the corre- 
sponding acids, CnH 2 n 02 : secondary alcohols, the corresponding 
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ketones. Tertiary alcohols, ou the other hand, are split up by 
oxidation, yielding bodies containing a smaller number of carbon- 
atoms: thus, 1 rime thy 1 carbinol is converted by oxidising agents 
into formic and propionic acids : 

CjHioO + 04 = CHA + CgHeOg + H^O. 

Tilmethyl Formic Propionic 

carbinoL acid. acid. 
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The fonnula'CgHioO may include eight different alcohols : four 
primary, three secondary, and one tertiary, viz. : 


1 CIT2CH2^^2^^3 I 
Primary i • C ■! ® C < 

f CH2CH(CH3)2 I 
H c\ 

fCH 

(CH 2 CH 

ICH, 

{ C(CH3), 

Cs> “ 

® ) H 

( OH 1 

f OH 

H 


( OH 


1 

^OH 




Butyl carbinol. Isobutyl carbinol. 

and 

Methyl-propyl Methyl-isopropyl 

carbinol. carbinol. 

( cn 2 CH 3 \ 

Tertiary, . C ] > Dimethyl-ethyl carbinol. 

( on" ) 

Five of these are known, viz., the first, second, fifth, sixth, and 
eighth. 

Butyl-carbinol, or Normal Primary Amyl Alcohol, is 

prepared from normal butyl alcohol in the same manner as the 
tatter from normal propyl alcohol, viz., by successive conversion 
into butyl cyanide CH2CH2CH2CH3.CN, normal valeric acid 
(^H2CH2CH2CH3. COOH, valeric aldehyde CH2CH2Cn2CH3.COH, 
and the alcohol CH2CH2CH2CH3.CH2OH. It is a l^uid boiling 
at 135 °, 3 degrees higher "than iso-aniyl alcohol. The chloride, 

bromide, iodide, and acetate obtained from it boil at higher tem- 
peratures than the corresponding ordinary amyl-compounds. By 
oxidation it yields normal valeric acid. 

Isobutyl Carbinol, or Isoamyl Alcohol, CH2CH(CH3)2. 
Cn 20 II. — This is the ordinary amyl alcohol produced by fermen- 
tation. In the manufacture of brandy from com, potatoes, or the 
must of grapes, the ethyl alcohol is found to be accompanied by 
an acrid oily liquid called fusel-oil^ which is very difficult to 
separate completely from the ethyl alcohol. It passes over, how- 
ever, in considerable quantity towards the end of the distillation, 
and may be collected apart, washed by agitation with several succes- 


Secondary, , C 


CH2CH2CH3 

CH3 
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CH(CH3)2 

OH3 
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OH 


CH2CH3 
CH2CH3 
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sive portions of water to free it from ethyl alcohol, and re-distilled. 
The liquid thus obtained consists chiefly of amyl alcohol, some- 
times mixed with propylic, butylic, and other aldbhols. The 
luoayl alcohol may be obtained pure by fractional distillation, the 
portion which passes over between 128° and 132° being collected 
anart Potato fusel-oil consists almost wholly of ethyl and amyl 
alcohols^ the latter constituting the greater quantity. 

Amyl alcohol is an oily, colourless, mobile liquid, having a 
peculiar odour, and a burning acrid taste. Its vapour when 
inhaled produces coughing and oppression of the chest. Its speci- 
fic gravity is 0*8111. When dropped on paper it forms a greasy 
stain, which, however, disappears after a wmie. It is not percep- 
tibly soluble in water, but floats on the surface of that liquid like 
an oil ; common alcohol, ether, and various essential oils dissolve 
it readily. 

Amyl alcohol usually exerts a rotatory action on polarised light, 
but the rotatory power varies considerably in different samples. 
Pasteur, indeed, has shown that ordinary amyl alcohol is a mix- 
ture of two isomeric alcohols, having the same vapour -density, but 
differing in their optical properties, one of them turning the plane 
of polarisation to tlie right, whereas the other is optically inactive. 
They are separated by converting the crude amyl alcohol into 
amylsulphuric acid, saturating with barium carbonate, and crys- 
tallising the barium amyl sulphate thus formed. The salt ob- 
tained from the active amyl alcohol is 2^ times more soluble than 
that obtained from the inactive alcohol, and consequently the 
latter crystallises out first ; and by precipitating the barium from 
the solution of either salt with sulphuric acid, and distilling the 
amylsulphuric acid thus separated with water, the correspondiivj; 
amyl alcohol is obtained. The difference of optical character be- 
tween the two alcohols — which is traceable through many of their 
derivatives — has not, been satisfactorily explained ; but it perhaps 
depends upon the ari’angement of the molecules, rather than upon 
that of the atoms within the molecule. On the other hand, it is 
possible that tha active and inactive alcohols may contain different 
radicals, as indicated by the second, third, and fourth formula) of 
primary amyl alcohols above given. 

Vapour of amyl alcohol passed through a red-hot tube, yields a 
mixture of ethene, propene, (piartene, and quintene or amylene. 

Amyl alcohol takes fire easily and burns with a blue flame. 
When exposed to the air in contact with platinum black, it is 
oxidised to isovaleric acid, CH 2 CH(CH 3 ) 2 .COOH. The same 
acid is obtained by heating amyl alcohol with a mixture of potas- 
sium dichromate and sulphuric acid. 

Amyl alcohol, heated to 220° with a mixture of potassium 
hydrate and lime^ is converted into potassium valerate, with evolu- 
tion of hydrogen : 

C,Hi20 + KHO C,HoK02 + 2 H 2 . 
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Potassium and sodium dissolve in amyl alcohol as in ethyl 
alcohol, yielding the compounds, CgHj-KO, and CgHiiNaO, which, 
when treated with amyl iodide, yield amyl oxide or amyl 
ether, (CJIulgO, and with ethyl iodide, ethyl-amyl oxide, 
(CgH^XCsHu)©. 

ine acts upon amyl alcohol as upon ethyl alcohol, except- 
ing that it finally removes only four atoms of hydrogen, instead 
of five : 

CjHiaO + 3 CI 2 = 4HC1 +. CgHgClsO 

Amyl Chlorsmylal. 

alcohol. 


Amyl alcohol is acted upon by acids, like common alcohol, 
yielding ethers. When mixed with strong sulphuric acidy it is 
converted into amyl-sulphuric acid, (CcILi)HS04; and, on dis- 
tilling the mixture, amyl oxide, (CgH^i^O, passes over, together 
with amylene, and several other hydrocaibons. 

Amylene, or Quintene, CaHjq, is likewise obtained, together 
with quintane, and higher homologues of both these bodies, 

by distilling amyl alcohol with zinc chloride. It is a colourless 
liquid, having a peculiar and somewhat unpleasant odour ; boils 
at 35 ®, and when set on fire, burns with a bright, very smoky 
flame. — Vapour of amylene is completely absorbed by antimony 
pentachloiide and sulphuric oxide. — Strong sulphuric acid dissolves 
amylene, when the two are shaken up together, but the hydrocar- 
bon soon separates as an oily layer, which however consists, not 
of amylene, but of di amylene, CiaH2a. Amylene unites with 
hydrochloric, hydrobromic, and hyiiriodic acids, forming com- 
pounds isomeric with amyl chloride, &c. This hydrocarbon 
admits of several isomeric modifications, but we have not space 
to notice them. 

Amyl Chloride, CgHi^Cl, is prepared by distilling equal 
weights of amyl alcohol and phosphorus pentachloiide, washing 
the product rej)eatedly with alkaline water, and rectifying it from 
calcium chloride. Less pure it may be obtained by saturating 
amyl alcohol with hydrochloric acid. It is a colourless liquid, of 
agreeable aromatic odour, insoluble in water, and neutral to test- 
paper : it boils at 102®, and ignites readily, burning with a flame 

f reen at the edges. By the long continued action of chlorine, aided 
y powerful sunshine, it is converted into octochlorinated 
amyl chloride, or nonochloroquintane, C5H3CL, a volatile, 
colourless liquid, smelling like camphor: the whole of the hydro- 
gen has not yet, however, been removed. The hromidcy CgHuBr, 
is a volatile, colourless liquid, heavier than water. It is obtained 
by distilling amyl alcohol, bromine, and phosphorus togethp. 
(See ethyl bromide, p. 680 .) Its odour is penetrating and allia- 
ceous. The bromide is decomposed by an alcoholic solution of 
potash, with reproduction of the alcohol and formation of potas- 
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slum bromide. The iodide^ Cellini, is procured by distilling a 
mixture of 15 parts of amyl alcoiiol, 8 of iodine, and 1 of phos- 
phorus. It is colourless when pure, heavier than water, volatile 
without decomposition at 146®, and in other respects resembles 
the bromide: it is partly decomposed by exposure to light. 
Heated to 290® in sealed tubes, with zinc, it yields diamyl, 
Cio H22, or CgHij.CgHii, a colourless ethereal liquid boiling at 
165®, isomeric, or identical with decane (p. 650). At the 
same time there is formed a compound of zinc iodide with zinc 
amylide, Zn(C5Hii)2, which is decomposed by contact with water, 
yielding zinc oxide and quintane or amyl hydride (p. 646) : 

Zn(CfiHn)2 + HoO = ZnO 2C5H12 . 

Amyl Oxide, (CgH^^gO, obtained by the processes already men- 
tioned, is a colourless oily liquid, of specific giuvity of 0-779®, and 
boiling at 176®. 

Amylsulphurtc, or Sulphamylic Acid, (( 1 Hh)HS 04 , or 
C5H14OSO3H. — The barium saltof this acid,(C5Hii)2fia"(S04)2.2 aq., 
prepared like the ethylsulphate (p. 613), crystallises, on evaporat- 
ing the solution, in small brilliant pearly plates ; the difference of 
solubility of the salts prepared from optically active and optically 
inactive amyl alcohol has already been mentioned. The barium 
maybe precipitated from the salt by dilute sulphuric acid, and the 
sulphamylic acid concentrated by spontaneous evaporation to a 
syrupy, or even crystalline state : it has an acid and bitter taste, 
strongly reddens litmus-paper, and is decomposed by ebullition 
into amyl alcohol and sulphuric acid. The potassium salt forms 
groups of small radiated needles, very soluble in water. The sulph- 
amylates of calcium and lead are also soluble and crystallis- 
able. 

Amyl sulphydrate, C5H44SH, and Amyl sulphide, 
have likewise been obtained : they resemble the ethyl- 
compounds in their }>roperties and reactions. 

Metallic co 7 npou 7 ids of amyl are obtained by processes similar 
to those described for the preparation of the corresponding 
ethyl-compounds. Zinc amyl, or zinc amylide, Zn''(C5H„)2, 
is a mobile liquid of sp. gr. 1-022 at 0®, boiling at 220®. The 
s t an n amyls, Sn"(C5Hi4)2, and Sn‘’' (C^Hji)^, are unctuous masses 
insoluble in water, soluble in alcohol and ether, not volatile with- 
out decomposition. 

FuseUoil of Grain-spirit , — The fusel-oil, separated in large quan- 
tities from grain-spirit by the London rectifiers, consists chiefly of 
amyl alcohol mixed witli ethyl alcohol and water. Sometimes it 
contains in addition more or less of the ethyl- or arayl-compounds 
of certain fatty acids thought to be identical with oenanthy- 
lic and palmitic acids. These last-named substances form the 
princiiiaf part of the nearly solid fat i>roduced in this manner in 
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whisky distilleries conducted on the old plan. Mulder has de- 
scribed, under the name of com-oil, another constituent of the 
crude fusel-oil of Holland : it has a very powerful odour, resembling 
that of some of the umbelliferous plants, and is unaffected by 
solution of caustic potash. According to Mr Eowney, the fusel- 
oil of the Scotch distilleries contains in addition a certain quantity 
of capric acid, C 10 H 20 O 2 . Amyl alcohol, in addition to butyl 
alcohol, has been separated fixtm the spirit distilled from beet- 
molasses and from artificial grape-sugar made by the aid of sul- 
phuric acid. Although much obscurity yet hangs over the history 
of these substances, it is generally supposed that they are products 
of the fermentation of sugar, and have an origin contemporaneous 
with that of commcm alcohol. 


Propyl-methyl Carbinol, 




CHaCH^CH, 
CH 3 
H 


.—This 


second- 


LOH 

ary alcohol is produced by decomposing propyl-methyl ketone 
(obtained by distilling a mixture of calcium butyrate and acetate) 
with water and sodium amalgam : 

(CoH, 

CjCHg + Hg =: C 



It is a liquid smelling like ordinary amyl alcohol, but less jDungent; 
boils at 120^; has a specific gravity of 0*825 at is oxidised 
by potassium permanganate to proj)yl-methyl ketone. 

rcii(CH3)2 

1 CH 

Isopropyl-methyl Carbinol, jj , or Amylene 

[oh 

hydrate^ (C 5 H 10 )'' | qjj. — T his is a secondary alcohol produced 

from amylene, by combining that vsubstance with hydriodic 

acid, and decomposing the resulting hydiiodide, C 5 H^q.HI, with 
moist silver oxide, whereby silver iodide and amylene iiydrate are 
obtained : 


2(CfiHio . HI) + Ag,0 + HP = 2AgI -f . H(OH)] . 

A portion of the hydriodide is at the same time resolved, by the 
heat evolved in the reaction, into hydriodic acid and amylene ; 
and, on submitting the resulting licmid to fractional distillation 
the amylene passes over firat, and then, between 105*^ and 108°, 
the amylene hydrate or isopropyl-methyl carbinol. 

This alcohol is a liquid having a specific gravity of 0*829 at 0 °, 
and a pungent ethereal odour, quite distinct from that of ordinary 
amyl alcohol. Heated with strong sulphuric acid^ it is converted, 
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uot into am^lstL^htuic add, but into hydrocarbons polymeric with 
amylenS, nz., (uamyleue, or deceue, CioHjg, and triamylene, or 
q^umdecene, 0^1X30. Hydriodic add converts it, at ordinary tem- 
peratu^, into amyleue hydriodide, . HI, boiling at 130® 
(amyl iodide at 146°). Hydrodiloric ac%d converts it (even at 0°) 
into amylene hydrochloride, C5 Hja.HC 1, having a boiling point 
10® below that of amyl chloride. On Tniving it with two atoms of 
brondne at a very low temperature, a red liquid is formed, which, 
M soon as it attains the ordinary temperature of the air, is resolved 
into water and amylene bromide. Heated for some time to 100° 
with strong acetic add, it yields amylene, together with a small 
quantity 01 amylene aeetato. • Sodium dissolves in amylene hydrate 
with evolution of hydrogen, forming a colourless translucent mass, 
which has the composition CgHi^NaOH, and is decomposed by 
amylene hydriodide in the manner shown by the equation ; 

CgHjoNaOH 4- = CgHjo + C6Hi„H(OH) + Nal 

Sodium compound. Amylene Amylene, Amylene 

hydriodide. hydrate. 

From these reactions it is apparent that amylene hydrate oi* 
isopropyl-methyl carhinol is especially distinguished from the 
primary amyl alcohols by the facility with which it gives up the 
corresponding olefine. This peculiarity is exhibited also by all 
the secondary alcohols of the series. These alcohols may indeed be 
regarded as intermediate links between the primary monatomic 
alcohols and the diatomic alcohols or glycols, 

C3H,,(0H) 

Amyl alcohol, Amylene hydrate. Amylene glycol. 


Ethyl-dimethyl Carhinol, or Tertiary Amyl Alcohol, 

( ; 

C < (0113)2, is prepared like tertiary butyl alcohol, by treating 
( OH 

zinc-methide with chloropropionyl, C3H5OCI, and decomposing the 
product with water. It smells very much like tertiary butyl 
alcohol, boils between 98 ' 5 ° and 100 °, does not solidify at ~ 17 °, but 
merely becomes viscid. By oxidation with dilute chromic acid, 
it yields nothing hut acetic acid. 

The boiling points of the five known amyl alcohols become 
gradually lower, from the normal primary to the tertiary, as their 
structure becomes more complex : thus : 


Primary, 

Secondary, 

Tertiary, 


i Butyl carhinol, . 

Isobutyl carbinol, 
Propyl-methyl carhinol, 

( Isopropyl-methyl carhinol, 
Ethyl-dimethyl carhinol, , 


Boiling point. 

137 ° 

128 °- 132 ° 

120 °- 123 ° 

104 °- 108 ° 

98 - 5 °- 100 ° 
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SEXTYL OR HEXYL ALCOHOLS AND ETHERS* 

The number of possible modifications of an alcohol increases 
with the number of carbon-atoms in its molecular formula. , Thus 
we have seen that there may be two propyl alcohols, CoILO, four 
butyl alcohols, C^HjaO, and eight amjd alcohols, CgH^gO. The 
six-carbon formula, CgHj^O, will in like manner be found to in- 
clude sixteen isomeric alcohols — eight primary, five secondary, 
and three tertiary ; but as the manner in which these modifications 
arise has been sufficiently explained in the preceding pages, the 
further development of the theoretical formulse may be left as an 
exercise for the student. 

The number of modifications of the six-carbon alcohol actually 
known, is seven ; of which four are primary, one is secondary, and 
the remaining two are tertiary. 

Primary Hexyl Alcohols, CgHi 3 (OH). — An alcohol having 
this composition is prepared by treating sextane, or hexyl hydride, 
obtained from American petroleum, with chlorine ; convert- 
ing the resulting hexyl chloride, C 6 H 13 CI, into hexyl acetate, 
CflH* 3 ( 0 C 2 H 30 ), by treatment with silver acetate ; and distilling 
the nexyl acetate with potash. The hexyl alcohol thus prepared 
boils at about 150°, and smells like amyl alcohol. 

Eossi has obtained a primary hexyl-alcohol, having the same 
boiling point, by the action 01 sodium-amalgam and water on 
cajiroic aldehyde. 

Another primary hexyl alcohol was found by Faget in fusel-oil. 
The statements respecting it are not very exact, but as it is pro- 
duced by fermentation, it is probably constituted like ordinary 
amyl alcohol, and therefore in the manner represented by the for- 
( CH^CHaCHCCHa)^ 

mula, C < Ho . All these three alcohols, when 

(oh 

oxidised by chromic acid, yield various modifications of caproic 
acid, CgHjoOo. 

A fourth hexyl alcohol has been recently obtained from the 
essential oil of Heracleum giganteumy which is a mixture of hexyl 
butyrate and octyl acetate. The hexyl and octyl alcohols are 
isolated by decomposing the oil with alcoholic potash, and separ- 
ated by fractional distillation. The hexyl alcohol thus obtained 
has a strong aromatic odour, a specific gravity of 0'819 at 23°, and 
boils at 156'6°. By oxidation it yields a caproic acid, CgHjgOo, 
having the same boiling point (204*5°), as normal caproic acid. 
Hence, and from the fact that it boils at a higher temperature 
than any of the other primary hexyl alcohols above mentioned, it 
appears to be normal hexyl alcohol or amyl-carbinol, 
CH 2 CH 2 CH 2 CH 2 CH 3 . CHgOH. 



606 


FATTY GROUP : ALCOHOLS AND ETHERS. 


Secondary Hexyl Alcohol, probahly Methyl-iaobutyl 

rCHaOH(CH3)2 

Carbinol, C ■< , or Hexylene hydrate, 

LOH 

I Qjj . — This alcohol, discovered by Wanklyn and Erlen- 

meyer,* is produced from mannite, a saccharine body hayir^ the 
composition of a hexatomic alcohol, OgHg(OH)g, by treating that 
substance with a large excess of very strong hytoodic acid, where- 
by it is converted into secondary hexyl iodide, or hexylene hydxio- 
dide, CeH,2. HI : 

C3H8(OH)e + llHI = CeHiaHI -f- eH^O + 51 ^; 

and digesting this hydriodide with silver oxide and water : 

C3H12HI -f AgHO = Agl + CeHi2H(OH). 

It is a viscid liquid, having a pleasant, refreshing odour ; boils 
at 137° ; has a sp, gr. of 0’8327 at 0°, 0‘82()9 at 16°, and 0*7482 at 
99°, so that it expands somewhat rapidly by heat. Strong hydro- 
chloric acid converts it into the corresponding hydrochloride, 
CeHi^HCl, which boils at 120°, and yields nexylene when digested 
at 100° with alcoholic potash. 

Hexylene hydrate, or methyl-isobutyl carbinol, is converted by 
oxidation with potassium dichromate and sulphmic acid, into a 
( CH2CH(CH3)2 

ketone, CqHijO = C < CHg , which does not absorb 

oxygen from the air ; but when further treated with the oxidising 
mixture just mentioned, yields isobutyric, acetic, and carbonic 
acids, and water. These reactions show that the alcohol in ques- 
tion is a secondary alcohol. 

Tertiary Hexyl Alcohols. — Three of these alcohols are pos- 
sible, and have been obtained, namely : 

( CHg 

Methyl-diethyl carbinol, . * ^ | (^^^5)2 

( CH2(C2Hg) 

Propyl-dimethyl carbinol, . . C < (CHg), 

( OH 

( CH(CHg)2 

Isopropyl-dimethyl carbinol, . C < (CH3)2 

The first is prepared by treating zinc-ethyl with acetyl chloride, 
.and decomposing the resulting metliyl-diethyl-chlorethane, 

» Journal of the Chemical Society [2], i. 221. 
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( CH3 

C < (CoH 6 ) 2 , ^vith water ; the second by proceeding in like manner 

with zinc-methyl and butyryl chloride, CO(C 3 Hj^)Cl; the third 
with zinc-methyl and isobutyryl chloride. This last alcohol is a 
liquid, solidifying at — 35®, boiling at 112°— 113°, and yielding by 
oxidation, acetone with a little acetic acid.*' 


BEFTYL OR HEPTYL ALCOHOLS AND ETHERS. 

Of these compounds only the normal primary alcohol, C 7 Hi 5 (OH), 

I ^Hi3 

, and a tertiary alcohol, triethyl- 

carbinol, C | are known with certainty. The normal 

primary alcohol is prepared, either by the action of nascent 
hydrogen (evolved by the action of sodium-amalgam on water), on 
omanthylic aldehyde (cenanthol) : 


Aldehyde. 


-4- H 2 = C^HjgO 


YXJ-igv 

Alcohol. 


or from septane or heptyl hydride, in the same manner as 

hexyl alcohol from hexyl hydride (p. 605). It is a colourless, 
oily liquid, insoluble in water ; but its properties are not much 
known. 

Another heptyl alcohol was separated by Faget from fusel-oil ; 
and a third has been said by several chemists to be obtained, 
together with octyl alcohol, by distilling castor-oil with excess of 
potash ; but, according to the most trustworthy experiments, there 
is but one alcohol obtained by this process, viz., an 8 -carbon 
alcohol. 

TriethyUcarhinol is obtained by treating pro 2 )ionyl chloride, 
CgH^OCl, with zinc-methyl, and the product with water. It 
remains liquid at —20® boils at 140®-142®, is slightly soluble in 
water, and has a specific gravity of 0*8593 at 0 ®. By oxidation 
with chromic acid it yields heptylene, C 7 H 14 , together with carbon 
dioxide, and apparently also acetic and propionic acids. 


OCTYL ALCOHOLS AND ETHERS. 


Primary Octyl Alcohol, or Heptyl Carbinol, CyHig.CHgOII, 
and the corresponding acetate, CyH^.CH^OCgHgO, are contained 
in the volatile oil obtained from tne seeds of the cow-parsnep 


* Journal of the Chemical Society [2], ix, 1035. 
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{Heraclevm SpKondyliwrn). The comparatively small portion of 
this oil which boils between 190° and 195° consists mainly of the 
alcohol ; but by far the gi*eater j)ortion passes over between 200° 
and 212°, and this by continued fractionation, yields primary octyl 
acetate, CjoHgoOg, boiling between 206° and 208°. This com- 
pound is insoluble in water, easily soluble in alcohol and ether, 
and has a sp. gr. of 0*8717 at 16°. Heated with alcoholic potash, 
it yields potassium acetate and primary octyl alcohol. 

This alcohol is a colourless oily liquid, having a sp. gr. of 0*830 
at 16°, boiling between 190° and 192°, nearly insoluble in water, 
miscible with alcohol and ether ; it has a peculiar pungent 
aromatic odour, and tastes sweetish at first, alterwards burning 
and sharp. By boiling with potassium dichromate and dilute 
sulpliuric acid, it is converted into an acid, CgH^gOg, melting at 
16° to 17°, and isomeric or identical with the capry^ic acid of 
natural .fats, together with the corresponding octylic ether, 
CglC7.CgHi502. This reaction shows it to be a primary alcohol ; 
and from the boiling point of the octane derived from it, it appears 
to be a normal alcohol, that is to say, to contain the radical 
propyl. The structural formula) of the alcohol, and of the 
caprylic acid derived from it are accordingly : 

Alcohol, CHg-- CHg- CH2- CH2- CHg- CHs- CHg- CH^OH 
Acid, CH3- CHg- CHa- CHa- CHa~ CHa- CHa~ COOH 

Primary octyl alcohols are likewise obtained from octane, by 
converting that hydrocarbon into octyl chloride, then into acetate, 
and saponifying the latter with alcoholic potash ; secondary 
alcohols are however formed at the same time. The boiling 
points of the ethers derived from the octyl alcohol of Heracleum 
oil, are (like those of primary ethers in general) considerably 
higher than those obtained from secondary octyl chloride. 

Secondary Octyl Alcohol, or Methyl-hexyl Carbiuol, 



This alcohol is produced by heating castor-oil with excess of solid 
potassium hydrate. Castor-oil contains ricinoleic acid, Cji8Hg403 ; 
and this acid, when heated with potash, yields free hydrogen, a 
distillate containing methyl-hexyl carbinol, together with pro- 
ducts of its decomposition, and a residue of potassium sebate, 
CxoHxeK A : 

CX 8 H 34 O 3 + 2KOH = CAsO + CioHieK204 + H*. 

To separate the alcohol, the distillate is repeatedly rectified over 
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fused potash, the portion boiling below 200 ° only being collected : 
this liquid, subjected to fractional distillation, yields a portion 
boiling at 181°, which is the pure secondary octyl alcohol. The 
portions of the original distillate having ii lower boiling point, 
consist of olefines, amongst ..hich octylene, CgH^^, boiling at 125°, 
preponderates.* 

Methyl-hexyl carbiiiol is a limpid oily liquid, ha\dng a strong 
aromatic odour^ and making grease-spots on paper, it has no 
action on polarised light. It has a specific gravity of 0*823 at 17°, 
and boils at 181°. It is insoluble in water, but dissolves in 
alcohol, ether, wood-spirit, and acetic acid. It mixes with sul- 
phuric acid, forming octyl-sulphuric acid, CgHiL 7 HS 04 , generally 
also octylene and neutral octyl sulphate. Fused zinc chloride 
converts it into octylene. With potassium and sodium it yields 
substitution-products. 

Methyl-hexyl carbinol, oxidised with potassium dicjiromale 
and sulphuric acid, yields the corresponding ketone, viz., metliyl- 
liexyl ketone, 

! C H 

ckg'®; thus, 


rc«H,3 

C J o 

^OH 



' By the prolonged action of the oxidising mixture, this ketone is 
Ifurther oxidised to caproic and acetic acids : 

CgHisO + 04 = CeHjA + C2H4O2 + HgO. 

'These reactions show that the alcohol produced from castor-oil is 
,n secondary alcohol ; and from further considerations, for which 
Ve must refer to SchorlenmxeFs paper above cited, it is inferred 
to contain the radical isopropyl, that is, to have one of its carbon- 
atoms directly combined with two others. 

Secondary Octyl chtoridej CoHiyCl, produced by the action of 
phosphorus pentachloride on the alcohol, has a specific gravity of 
0*892 at 18% and boils at 175°. Heated with alcoholic potash, it 
yields octylene, CoHiq; by alcohol and potassium acetate, it is 
converted into octylene and octyl acetate. 

( 

Nonyl Alcohol, C^HgoO, or Octyl Carbinol, C < Hg , is 

obtained by the series of reactions above described from nonane 
or nonyl hydride, which is one of the constituents of American 
petroleum, and likewise occurs, together with nonene, C 9 in 

♦ Schorlenimer, Proceedings of the Royal Society, xvi. 876 

2 Q 
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that portion of the liquid obtained by distilling amyl alcohol with 
zinc chloride, which boils between 134® and 160®. Nonyl alcohol 
boils at about 200®. Nonyl chloride, CgHigCl, has a specific gravity 
of 0’899 at 16®, and boils at 196®. 


The alcohols of the series, CnH2n-f20, containing from 10 to 15 
carhon-atoms, are not known, but compound ethers containing 12 
and 14 carbon-atoms appear to occur in spermaceti. 

?! Ci6H340=CieH33(0H), also 

called mhal, is obtained from spermace ti, a crystalline tatty substance 
found in peculiar Ccwities in the head of the sperm whale (Physeter 
mcicroceplmliis). This substance consists of cetyl palmitate, 
or Ci|jH33.CiqH3j 02, and when heated for some time 
with solid potash, is resolved into potassium palmitate and cetyl 
alcohol ; 


CieH33.CieH3,02 + KOH = + C,3H33(OH). 

The cetyl alcohol is dissolved out from the fused mass by alcohol 
and ether, and purified by several crystallisations from ether. 

Cetyl alcohol, or ethal, is a white crystalline mass, which melts 
at about 50°, and crystallises by slow cooling in shining lamina). 
It has neither taste nor smell, is insoluble in water, but dissolves 
in all proportions in alcohol and ether. When heated it distils 
without decomposition. With sodium it gives off hydrogen and 
yields sodium cetylate, Ci3H33NaO. It is not dissolved by acjueous 
alkalis ; but when heated with a mixture of potash and lime, it 
gives off hydrogen, and is converted into palmitic acid : 

GAO + KOH = KCi,H 3 i 02 + 2H2, 


Distilled with phosphorus peniachloride it yields cetyl chloride, 
CieH^Cl, a limpid oily liquid, having a specific gravity of 0*8412 
at 12 , and distilling with partial decomposition at a temperature 
above 200®. Cetyl iodide, C10H33I, obtained by treating the 
alcohol with iodine and phosphorus, is a solid substance which 
melts at 22°, dissolves in alcohol and ether, and crystallises from 
alcohol in interlaced laminae. 

According to Heinlz, cetyl alcohol, or ethal, prepared as above, 
is not a definite compound, but a mixture of sexdecyl alcohol, 
C13H34O2, with small quantities of three other alcohols of the same 
series, containing respectively 12, 14, and 18 atoms of carbon, 
inasmuch as, when fused with potash-lime, it yields the correspond- 
ing fatty acids CnH2n02. 

Oeryl Alcohol, C^^HgoO == also called Cerotic 

alcohol and Cerotin , — This alcohol is obtained from Chinese wax 
or Pela, a secretion enveloping the branches of certain trees in 
China, and supposed to be produced by the puncture of an insect. 
This wax consists mainly of ceryl cerotate, Cg^Hgg . C27H53O2, 
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and is decomposed by fused potash in the same manner as sperma- 
ceti, yielding potassium cerotate and ceryl alcohol : 




On digesting the fused inass with boiling water, a solution of 
potassium cerotate is obtained, holding ce^l alcohol in suspension ; 
and by precipitating the cerotic acid with barium chloride, and 
treating the resulting precipitate with alcohol, the ceryl alcohol 
dissolves, and may be purified by repeated crystallisation from 
alcohol or ether. It then forms a waxy substance, melting at 97 °. 
Heated with potash-lime, it gives off hydrogen, and is converted 
into potassium cerotate. At very high temperatures it distils, 
partly undecomposed, partly resolved into water and cerotene, 
; by this character it would appear to be related to the 
secondary alcohols. With sulphuric acid in excess, it forms 
hydrated neutral ceryl sulphate, (0271155)2804 . HgO . 


Myricyl Alcohol, C 3 oH 620 =C 3 QHgi(OH). — This .alcohol, the 
highest known member of the series, CnH2n-f 2O, is obtained from 
myricin, the portion of common bees’ wax which is insoluble in 
boiling alcohol. Myricin consists of myricyl palmitate, C30H51 . 
CigHgjOg, and when heated with potash is decomposed in the same 
manlier as spermaceti and Chinese wax, yielding potassium palmi- 
tate and myricyl alcohol. On dissolving the product in Wcater, 
precipitating with barium chloride, exhausting the precipitate with 
(Doiling alcohol, and dissolving the substance deposited from the 
alcohol in mineral naphtha, pure myricyl alcohol separates as a 
crystalline substance, having a silky lustre. When heated, it 
partly sublimes unaltered, and is partly resolved (like ceryl alco- 
hol) into water and melene, Cg^llgn. With strong sulphuric acid. 
it yields myricyl sulphate. Heated with potash-Ume^ it gives off* 
hydrogen, and is converted into potassium meUssate : 


C30H02O + KOH = KCgoH^A + 2H2. 

The mother-litj[uor from which the myricyl alcohol has crystal- 
lised out, as above mentioned, retains a small quantity of an 
isomeric alcohol, which melts at 72 °, and when treated with potash- 
lime yields an acid containing a smaller proportion of carbon. 


2 . Monatomic Alcohols, CiiH2nO, or CnH2n— lOH. 

Two alcohols of this series are known, viz. ; 

Vinyl alcohol, C^K^O - C2H3(OH) 

Allyl alcohol, CsHeO = C3H5(OH). 

The first, discovered by Berthelot in 1860 , is produced by com- 
bining ethine or acetylene with sulphuric acid, whereby vinyl- 
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Budphuiic acid (C 2 H<,)H(SO )4 is formed, and distilling the product 
with water, just as in the preparation of ethyl alcohol from 
ethane : 

HftSO* + CjHa == (C2H3)HS04 

HCCgHjOHSO^ + HOH = HHSO* + C^HgCOH). 

It is an easily decomposable liquid, having a highly pungent odour, 
somewhat more volatile than water, soluble in 10 to 15 parts of 
that liquid, and precipitated from the solution by potassiiim car- 
bonate. It is isomeric with acetic aldehyde and ethylene oxide 
(p. 567). The univalent radical vinyl, CgHg, which may be sup- 
posed to exist in it, is related to the trivalent radical ethenyl 
(p. 636), in the same manner as allyl to propenyl [see below). 

CHj 


Allyl Alcohol, CgHflO = CaHgCOH) = CH .—This alcohol, 


CHjOH 

discovered by Cahours and Hofmann in 1856, may l>e supposed to 
contain the univalent radical allyl, C 3 H 5 , derived from a saturated 
CHj 

hydrocarbon, CH, by abstraction of one atom of hydrogen, and 

isg 

isomeric with the trivalent radical propenyl, derived from 

prox)ane, CHj — CHg — CHg, by abstraction of three atoms of hydro- 
gen. Allyl and propenyl compounds, indeed, are easily converted 
one into the other by addition or subtraction of two atoms of a 
monad element or radical. 

To obtain tlie alcohol, allyl iodide is first prepared by the 
action of phosphorus tetriodide on propenyl alcohol (glycerin) 
(C3H3)"'{0H)3: 

2(C3H3)"'(0H)3 + P3I, = 2C3H3I + 2P(0H)3 + 1 ,. 

The allyl iodide is next decomposed by silver oxalate, yielding 
allyl oxalate : 

2 C 3 H,I + AgA04 = 2AgI + (C3H,)A04; 

and the allyl oxalate is decomposed by ammonia, yielding oxamide? 
CA(NH 2 ) 2 , and allyl alcohol : 

(C 3 H,) 2 CA + 2 NH 3 = (C 202 )"(NH 2 ), + 2 C 3 H 3 ( 0 H). 

Allyl alcohol is a colourless liquid, having a pungent odour and a 
spirituous burning tasta It mixes in all proportions with water, 
common alcohol, and ether ; boils at 103° ; burns with a brighter 
flame than common alcohol. 
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Allyl alcohol is a prima^ alcohol, similar in all its ordinary 
reactions to ethyl alcohoL fiy oxidation in contact with plaliutun 
black, or more (juickly by treatment with potassium dichroigaate 
iin<\ sulphuric acid, it is converted into acrylic aldehyde (acrolein), 
031140 , and acrylic acid, C 3 H 4 O 0 , compounds related to it in the 
same manner as common aldehyde and acetic acid to ethyl alcohol. 
Heated with phosphoric oxide, it yields allylene, C3H4. With 
potassium and sodium it yields substitution-products. Strong 
sulphuric acid converts it into allyl-sulphuric acid. With the 
hr Mides and chlorides of phosphorus it yields allyl bromide, 
^^gHgBr, and allyl chloride, C 3 H 3 CI. 

Allyl Bromides, — The monohromide^ CgHgBr, prepared as 
just mentioned, or by distilling propene bromide, CgHgBrg, with 
alcoholic potash, is a liquid of sp. gr. 1*47, and boiling at 62°. A 
tribromide of allyly CgHgBra, is obtained by adding bromine to the 
mono-iodide in a vessel surrounded by a freezing mixture. It is 
a liquid of sp. gr. 1*436 at 23°, boiling at 217°, and solidifying 
when cooled below 10 °. It is isomeric with propenyl bromide or 
tribromhydrin, obtained by the action of phosphorus pentabromide 
on glycerin. 

A diallyl tetrabromide^ C 3 H 4 ABr 4 , is formed by the direct com- 
bination of diallyl (p. 658), witn bromine ; it is a crystalline body, 
melting at 37°. 

Allyl Iodides. — The mono-iodide^ CoH^I, obtained, as above 
described, by distilling glycerin with phosphorus tetriodide, is a 
liquid of sp. gr. 1*780 at 160°, and boiling at 100 °. It is decom- 
posed by sodium, with formation of diallyl, CgH^p. By the action 
of zinc or mercury and hydrochloric or dilute sulphuric acid, it is 
converted into propene (or allyl hydride) ; 

2C3HJ + Zng + 2 HC 1 = ZnClg + Znig -f 2C3H3. 

Diallyl tetriodide^ CAH 10 I 4 , is a crystalline body obtained by 
dissolving iodine in diallyl at a gentle heat. 

Allyl-sulphuric Acid, (CgHJHSOi, is produced by adding 
allyl alcohol to strong sulphuric acid. The solution, diluted with 
water and neutralised with barium carbonate, yields barium allyl- 
sulphate, (C 3 H 5 ) 2 Ba"(S 04)2 - 

Allyl Oxide, (C 3 H 5 ) 20 , is produced by the action of allyl 
iodide on potassium allylate (the gelatinous mass obtained by 
dissolving potassium in allyl alcohol) : 

C3H3OK + C3H3I KI -f 

It is a colourless liquid, boiling at 82° 

Allyl Sulphide, ( 03 H 5 ) 2 S.— This compound exists, together 
with a small quantity of allyl oxide, in volatile oil of garlic, and 
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is formed artificially by distilling allyl iodide with potassium 
monosulphide : 

2C3H5I 4- K3S = 2KI + 

To prepare it from garlic, the sliced bulbs ai'e distilled with water, 
and the crude oil thus obtained — ^which is a mixture of the sul- 
phide and oxide of allyl — ^is subjected to the action of metallic 
potassium, renewed until it is no longer tarnished, whereby the 
allyl oxide is decomposed, after which the sulphide may be ob- 
t^^ pure by redisullation. In this state it forms a colourless 
liquid, lighter than water, of high refractive power, j^ssessing in 
a nigh degree the peculiar odour of the plant, and distilling without 
decomposition. Allyl sulphide, dissolved in alcohol and mixed 
with solutions of platinum, silver, and mercury, gives rise to crys- 
talline compounds, consisting of a double sulphide of allyl and the 
metal, either alone or mixdd with a double chloride. 

Volatile Oil of Musta/rd consists essentially of allyl sulpho- 
cyanate, C3H5.CNS, and will be described in connection with the 
sulphocyanic ethers. 

Allyl Sulphydrate, or Allyl Mercaptan, C3H6(SH), ob- 
tained by distilling aUyl iodide with potassium sulphydrate, is a 
volatile oily liquid, having an odour like that of garlic oil, but 
more ethereal, boiling at 90 ° It attacks mercuric oxide like 
ethyl mercaptan, forming the compound 
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The-diatomic alcohols are derived frOm saturated hydrocarbons 
by substitution of two equivalents of hydroxyl for two atoms pf 
hydrogen, and may therefore be regarded as compomids of bivalent 
radicals with two equivalents of hydroxyl: ethene alcohol, for 
example, may be represented by either of the fomiulse : 


CHoOH 

1 

CHgOH 



OH 

OH 


the first representing it as a derivative of ethane, 


CH3 

CH, 


the second 


as a compound of ethene, C2H4, with hydroxyl, or as derived from a 
doul)le molecule of water, H2(OH)2, by substitution of ethene for 
two atoms of hydrogen. 

The diatomic alcohols of the fatty group, called glycols, are 
represented by the general formula, 

CuH2n+202 or (CnH2n/'(OH)2. 
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They may be regarded as compounds of olefines with two equi- 
valents of hydroxyl. The following are known ; 

Formula. 


Name. 

Ethene alcohol, . . 

Propene alcohol, . . 

Quartene or Butylene 
alcohol, .... 
Quintene or Amylene 
alcohol, .... 
Octene alcohol, . . 


C^HeOg = 
C3H3O2 = 

C^H^oO, = 


C^H^A = 

^8^18^2 


C2H4(0H)2 

C3He(OH)4 

CA(0H)3 

(OH)^ 


C6H10 

C3Hie(OH)2 


Bolling point. 

197-5°. 

188°-189° 

183°-184°. 

177°. 

235°-240°. 


MelJiene alcohol, CH2(OH)2, has not been obtained. 


The glycols are formed by the following processes : 

1. By combining an olefine with bromine ; treating the result- 
ing dibromide with an alcoholic solution of potassium acetate or 
with silver acetate, whereby it is converted into a diacetate of the 
olefine; and decomposing this compound with solid potassium 
hydrate, whereby potassium acetate and a diatomic alcohol are 
formed, the latter of which may be distilled off : 


CHgBr 

1 + 

2 Ag 0 C 2 H 30 

= 2AgBr 

CH2OC2H3O 

+ j 

CH2Br 

Ethene bromide. 

Silver acetate. 

CH 2 OC 2 H 3 O 
Ktheno dlacetate. 

CH2OC2H3O 

1 

+ 2 KOH = 

2KOC2H3O 

CH.,OH 
+ 1 

CH2OC2H3O 

Ethene di- 

Potassium 

Potassium 

CHgOH 

Ethene 

acetatc. 

hydrate. 

acetate. 

alcoho' 


2. By treating a monochlorohydrate corresponding to a triatomic 
idcohol (a glycerin) with nascent hydrogen (evolved from water 
%• sodium-amalgam) ; the chlorine is then replaced by hydrogen, 
and a diatomic alcohol results ; thus, » 

(C3HJ'"(0H)2C1 -j- HH = HCl 4- (C3H3)"(0H)2 

Propenyl monochloro- Propene 

hydrate. alcohol. 

Properties , — The glycols are colourless, inodorous, more or less 
viscid licj^uids, freely soluble in water and alcohol ; ethene alcohol 
is but sparingly soluble in etheP^ the rest dissolve easily in that 
liquid. The boiling points of ethene, propene, quartene, and 
quintene glycols, exhibit the singular anomaly of becoming lower 
as the molecular weight of the compound increases ; octene glycol, 
however, exhibits a higher boiling point. This anomaly may 
arise from difference of constitution in the successive terms of the 
series at present known. Thus the ethene and propene glycols 
probably differ in constitution in the manner shown by the follow- 
ing formulae : 
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CHjOH H3C CH3 

I V 

CHgOH HOCOH. 

The reactions of the higher glycols are not sufficiently known io 
decide this question : it is known, however, that propene alcohol 
heated with nydriodic acid, yields isopropyl iodide. 

The chemical reactions of the dycols nave been sl.udied chiefly 
in the case of ethene alcohol. They are, for the most part, similar 
to those of the monatomic alcohols ; but inasmuch as the glycols 
contain two atoms of replaceable hydrogen, or of hydroxyl, the 
reactions generally take place by two stages, yielding two series of 
products. 

1 . Ethene alcohol treated with nitric acid gives up 2 or 4 
atoms of hydrogen in exchange for oxygen, and is converted into 
gly collie acid, C 2 H 4 O 3 , or oxalic acid, CgHgO^, according as 
the action takes place at ordinary or at higher temperatures, thus, 


CHjOH 

inaOH 

+ 

O2 

= HaO 

+ 

CHaOH 

io(OH) 

CH2OH 

djHaOH 

-H 

O4 

= 2H2O 

+ 

CO(OH) 

io(OH) 


Under certain circumstances the corresponding aldehydes are also 
COH 

produced, as glyoxal, I , from ethene alcohol, by removal of 

COH 

four hydrogen-atoms without substitution. 

Ethene mcohol is also converted into oxalic acid by fusion with 
potash: 

C^HeOg + 2KOH = KAO 4 + 4 H 2 . 

Propene glycol, CgH^Og, is converted into lactic acid, C 3 H 3 O 3 , 
by slow oxidation in contact with platinum black. When heated 
with dilute nitric acid, it yields glycollic acid, losing carbon as 
well as hydrogen; and concentrated nitric acid oxidises it still 
further to oxalic acid. 

Quartene or butene glycol, C 4 Hi 0 O 2 , is converted by slow oxida- 
tion with nitric acid into oxylfutyric acid, C 4 H^ 03 , and when 
the action is accelerated by heat, into oxalic acid. Quintene 
or amylene glycol, CgHioOg, likewise yields oxybutyric acid 
by slow oxidation with dilute nitric acid. 

2 . Potassium and sodium eliminate one or two atoms of hydro- 
gen from the glycols, and form substitution-products. Ethene 
alcohol is stron^y attacked by sodium, yielding sodium ethenate, 
OgH^NaOj ; and this compound, fused with excess of sodium, is 
converted into di sodium ethenate, C 2 H 4 Na 202 * These com- 
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^unds, treated 'witb monatomic alcoholic iodides, yield the alco- 
holic ethers of the glycols; thus, 


CHaONa 
dlHaOH ^ 

Sodium 

ethenate. 


CaHjI 


CHoOCaH. 
Nal + I ® ® 

CHaOH 

Ethyl 

ethenate. 


CHaONa 

iHaONa"*" 


2CaH,I 


Disodium 

ethenate. 


2NaI 


+ 


CHaOCaHs 

inaOCaHs 

Diethyl 

ethenate. 


3. Oxygen-acids^ heated with glycols in closed vessels, act upon 
them in the same manner as upon t.he monatomic alcohols, con- 
verting them into ethereal salts or compound ethers, mono- 
acid or di-acid, according to the proportions used. In the di-acid 
glycol-ethers, the two radicals by which the hydrogen is replaced 
may belong either to the same or to different acids ; e.gr., 


CH^OH 

inaOH 

Ethcne 

alcohol. 

CHOaH 

djHaOH 

Ethcno 

alcohoL 

CHaOH 

iHaOCaHgt 

Ethene 

mono-acetate. 


+ HOC2H3O 

Acetic 

acid. 


+ 2H0CaH30 

Acetic 

acid. 


+ HOC^HyO 

Butyric 

Acid. 


= HaO + 

= 2H2O + 

= HaO + 


CHaOH 

inaOCaHaO 

Ethene mono- 
acctate. 

CH2OC3H3O 

CH2OC2H3O 

Ethene 

di-acetate. 

CHaOC^HjO 

inaOCaHaO 

Ethene 

butyracetatc. 


The haloid acids act in the same manner as oxygen-acids, except- 
ing that the reaction never goes beyond the first stage ; d.gf., 


CH2OH CHgCl 


1 ' 

+ HCl 


= HaO -1- 1 

CHaOH 



CHaOH 

Ethene 



Ethene 

alcohoL 



chloro-hydratc. 


The dichlorinated dibrominated ethers, &c., resulfing from the 
substitution of the remaining equivalent of hydroxyl by the haloid 
element, may, however, be obtained from the glycols by the action 
of the chlorides, bromides, and iodides of phosphorus ; e,g., 

C2H4(0H)2 + 2PCI5 = 2PCI3O + 2HC1 + C2H4CI2 
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The same compounds are produced, as already observed, by direct 
combination of chlorine, bromine, and iodine with the olefines. 

Ethene Chloride, CoH^CL, has long been known by the name 
of Dutch liquid^ having been discovered by four Dutch chemists in 
1 796. When equal measures of ethene gas and chlorine are mixed 
over water, absorption of the mixture takes place, and a yellowish 
oily liquid is produced, which collects upon the surface of the 
water, and ultimately sinks to the bottom in drops. It may be 
easily prepared, in quantity, by causing the two gases to combine 
in a glass globe (fig. 160), having a narrow neck at the lower part, 
dipping into a small bottle destined to receive the product. The 
two gases are conveyed by separate tubes, and allowed to mix in 
the globe, the ethene gas being kept a little ijji excess. The chlo- 
rine should be washed with water, and the ethene passed through 
strong oil of vitriol, to remove vapour of ether; the pr-^sence of 
sulphurous and carbonic acids is not injurious. Combination 
takes place very rapidly, and the liquid product trickles down the 
sides of the globe into the receiver. When 
Fig. 160. a considerable quantity has been collected, 

it is agitated, first with water, and afterwards 
with concentrated sulphuric acid, and, lastly, 
purified by distillation. 

Pure etnene chloride is a thin, colourless 
liquid, of agreeably fragrant odour and sweet 
taste ; it is slightlv soluble in water, and 
readily so in alcohol and ether. It is heavier 
than water, and boils when heated to 82*3° : it 
is unaffected by oil of vitriol or solid potassium 
hydrate. When inflamed, it bums with a 
greenish, smoky l%ht. When treated with 
an alcoholic solution of potash, it is slowly 
resolved into potassium chloride, which sepa- 
rates, and an exceedingly volatile substance, 
containing CgHgCl, whose vapour requires 
to be cooled down to — 18° before it condenses; 
at this temperature it forms a limpid, colour- 
less liquid. Chlorine is absorbed by this lat- 
ter substance, and a compound is produced, 
which contains CgHgCL : this is in turn 
decomposed by an alcoholic solution of potash 
into potassium chloride and anot.her volatile 
liquid, CgHgCL. This series of reactions is analogous to that 
already noticed in the case of the bromine compounds (p. 655)*. 

Products of the Action of Chlorine on Ethene Chloride; 
Chlorides of Carbon. — Ethene chloride readily absorbs chlorine 
gas, and yields four new compounds, produced by the abstraction 
of successive portions of hydrogen, and its replacement by equiva- 
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lent quantities of chlorine. Three out of the four are volatile 
liquids, containing respectively, C 2 H 3 CI 3 , C 2 H 0 CI 4 , and C«HCl 5 ; 
the fourth, CoClg, in which he substitution of cnlorine for hydro- 
gen is complete, is the chloride of carbon long ago obtained by 
Faraday, by putting Dvitch liquid into a vessel of chlorine gas, and 
exposing it to sunshine. 

Carbon trichloride, C 2 CI 6 , the chlorine analogue of ethane, 
CoHg, is a white, crystalline substance, of aromatic colour, insolu- 
ble in water, but easily dissolved by alcohol and ether : it melts 
at 160°, and boils at a temperature a little above. It burns with 
difficulty, and is not altered by distillation with aqueous or alco- 
holic potash. 

Its vapour, passed through a red-hot porcelain tube filled witli 
framnents of glass or rock-crystal, is decomposed into free chlorine, 
and the dichloride, C 2 CI 4 , analogous to ethene. This substance 
condenses in the form of a volatile, colouiless liquid, which has a 
density of 1*55, and boils at 120 °. The density of its vapour is 
5*82 (referred to air). When heated to 200 ° with potassium 
hydrate, it is completely converted into potassium chloride and 
oxalate, with evolution of hydrogen : 

C 2 CI 4 + 6 KOH = 4KC1 + C 2 K 2 O 4 + 2 H 2 O + Hg. 

It absorbs chlorine and bromine in sunshine, forming in the 
one case the trichloride, CgClg, and on the other the chloro- 
bromide, C 2 Cl 4 Br 2 , a white crystalline body resembling the tri- 
chloride. 

Carbon monochloride, CgClg, analogous to ethine or acety- 
lene, is obtained by passing the vapour of chloroform or of carbon- 
dichloride through a red-hot tube. It forms white needles sublim- 
ing between 175^ and 200 °. 

Carbon tetrachloride, CCI4, may also be described in this 
place, though it belongs to another series, being the chlorine ana- 
logue marsh-gas. It is formed by passing the vapour of carbon 
bisulphide, together with chlorine, through a red-hot porcelain 
tube. A mixture of sulphur chloride and carbon tetrachloride is 
formed, which is distilled with potash, whereby the chloride of 
sulphur is decomposed, and the pure tetrachloride passes over. 
It is a colourless liquid of 1*56 sp. gr., and boils at 77°. The same 
compound is formed by exhausting the action of chlorine upon 
marsh-gas or methyl chloride in sunshine. An alcoholic solution 
of potash converts this compound into a mixture of i)otassium 
diloride and carbonate. 

Ethene Bromide and Iodide, C2H4Bro and C2H4I2 are pro- 
duced by bringing olefiant gas in contact with bromine and iodine. 
The bromide is a colourless liquid, of agreeable ethereal odour, 
and having a density of 2'16 : it boils at 129’5°, and solidifies when 
cooled to near — 18°. The iodide is a colourless, crystalline. 
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volatile substance, of penetrating odour : it melts at 79°, resists the 
action of sulphuric acid, but is decomposed by caustic potash. 

The action of bromine upon ethene bromide gives rise to the 
compound CgHgBrg, from which the other bromine-compounds 
corresponding to the chlorine bodies above mentioned may be 
obtained by treatment with bromine. 

Ethene bromide acts strongly upon an alcoholic solution of 
potassium sulphydratSy forming ethene sulphydrate or ethene 
mercaptan, C 2 H 4 (SH),, a colourless oil, which is partially decom- 
posed by distillation, and yields, with lead acetate, a yellow pre- 
cipitate consisting of CgH^SgPb. With potassium Tooinosulphide, in 
like manner, ethene bromide forms ethene sulphide, C 2 H 4 S, which 
crystallises in white prisms. 

The haloid ethers corresponding to the higher glycols are similar 
in theii* reactions to those of ethene alcohol. 

Oxygen-ethers of the Olycols. — The ethereal salts of the 
glycols (acetates, butyrates, &c.) are decomposed by alkalis in the 
same manner as those of the monatomic alcohols, reproducing the 
alcohols themselves : this is, in fact, the general mode of prepar- 
ing the glycols (p. 616). But the mono-acid haloid ethers of 
glycols are decomposed by alkalis in a different manner, giving 
up the elements of hydrochloric, hydriodic, or hydrobromic acids, 
and leaving an oxide of the diatomic alcohol-radical ; thus, 

(C2H4)"C1(0H) + KOH - KOI + HgO + (C^UJ'O 

Ethene Ethene 

chloro-hydrate. oxide. 


Ethene oxide is isomeric with aldehyde and with vinyl 
alcohol (p. 557). It is a transparent colourless liquid, boiling at 
13*5° (aldehyde boils at 21'^), and miscible in all proportions with 
water and with alcohol. When the aqueous solution is treated 
with sodium amalgam^ in a vessel surrounded with a freezing 
mixture, the ethene oxide takes up hydrogen, and is converted 
into ethyl alcohol : 

C2H4O + H2 = CgHeO. 


Ethene oxide unites with ammonia in several proportions, form- 
ing the following basic compounds, all of whicn are syrupy 
liquids : 


Monoxethylenamine, 
Dioxethylenamine, . 
Trioxethylenamine, . 
Tetroxethylenamine, . 


C0H4O.NH3 

(021140)2. 

(0,H,0)..NH, 


This character distinguishes ethene oxide from aldehyde, which 
forms with ammonia a crystalline compound not possessing basic 
properties. A further distinction between these two isomeric 
bodies is, that aldehyde forms crystalline compounds with the acid 
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sulphites of the alkali-metals, a property not possessed by etheue 
oxide. 

Ethene oxide is a powerful base, uniting directly with acids, 
precipitating magnesia fi .m a solution of magnesium chloride at 
ordinary temi)eratures, and ferrie oxide and alumina from their 
saline solutions at 100°. With hy(iroclUoric acid, it forms ethene 

( Cl 

chlorohydrate, (C2H4)" < qjj , and with acetic acid, ethene aceto- 

( 00 H O 

hydrate, or monoacetate, ^ . It also unites with 

imter in several proportions, forming glycol and other compounds 
to be noticed immediately. 

The oxygen-ethers of the higher glycols are not much known ; 
but they appear to be less disposed to combine with water and 
acids in proportion as their molecules become heavier ; thus 
amylene oxide does not appear to reproduce amylene alcohol by 
combination with water. 

Polyethenic Alcohols. — These are bodies which contain the 
elements of two or more molecules of ethene oxide combined with 
one molecule of water, and may be regarded as formed by the 
union of two or more molecules of glycol (mono-ethenic alcohol), 
with elimination of a number of water-molecules less by one than 
the number of glycol molecules which enter into combination ; or 
as derived from three or more molecules of water, by substitution 
of ethene for the whole of the hydrogen except two atoms ; thus, 


('iaH.Oa or (C2H4)"HaOg 

= C3H4O.IIJJO 


Monethenic alcohol 

Ethene 


(frlycol). 

oxide. 


C4H10O3 or 

= 2C2H4O . HgO 

= 2CaH«Oa-HaO 

Diethenic alcohol. 

Ethene 

oxide. 

Glycol. 

C«Hi 404 or (C3Tl4)”3H30, 

= 3C5H4O . HjjO 

=: 3 C 2 He 02 - 2 H 20 

Trlethenic acohol. 

Ethene 

oxide. 

Glycol. 

or 

== 4 C 2 H 4 O.H 2 O 

= 4CaH*0a-3H80 

Tetrcthenic alcohol. 

Ethene 

oxide. 

Glycol. 


02nll4n+2^n-|-l ®r (CgH^y^nHaOn-f-l — WCJII4O.H2O — wCgHHOg — (W' — l)Hj;0 

n-ethenic alcohol. £tliene Glycol. 

oxide. 

The polyethenic alcohols are formed : 1. By heating ethene oxide 
with water in sealed tubes. In this manner Wurtz obtained 
diethenic alcohol together with monethenic, and a small quantity 
of tri-ethenic alcohol. — 2. By heating ethene oxide with glycol in 
sealed tubes : this process yields the di- and tri-ethenic alcohols. — 
3. By heating glycol with ethene bromide in sealed tubes to 100° 
— 120°. The first products of this reaction are diethenic alcohol, 
ethene bromo-hydrate and water : 
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3(CjH4)''HsOs + CsH4Brj = (CaH 4 rjH ,03 + 2(CaH4rBr{OH) + H,0^ 
Monethenic Etliene Diethenic Ethene bromo- 

alcohol. bromide, alcohol hydrate. 

and the other polyethenic alcohols are formed, each from the one 
next below it in the series, by the action of ethene bromo-hydrate, 
according to the general equation : 

(C,H4)%H,On+i + (a,Il^y'BT(OH) == + HBr. 

The hydrobromic acid thus formed then acts on the excess of 
glycol present, reproducing ethene bromo-hydrate, and thus the 
action is continued. By this process, the 2-, 3-, 4-, 5-, and 
6-etbenie alcohols have been obtained and separated by fractional 
distillation ; and when a sufficient excess of glycol is present, the 
temperature being kept between 110° and 120°, stiil higher 
members of the series are produced. 

The polyethenic alcohols are syrupy liquids, becoming more 
viscid as their molecular weight increases : their boiling point 
rises by about 46° for each addition of (LILO. 

Diethenic alcohol^ C4Hio03 or (C2H4)2''''H203, boils at about 245°; 
the density of its vapour is 3*78 (air=l) ; by calculation it should 
be 3*67, so that it exhibits the normal condensation to two 
volumes. By contact with platinum black, or by treatment with 
nitric acid, it is oxidised to diglycollic acid, an acid 

isomeric with malic acid, and formed from diethenic alcohol by 
substitution of O for Ho, just as glycollic acid, C2H4O3, is formed 
from monethenic alcohol, CgH^Og. Triethenic alcohol^ C0H14O1, or 
(C^H4)3"H204, is oxidised in like manner to ethene-diglycollic 
acid, 0^1122^^; • 


TRIATOMIC ALCOHOLS AND ETHERS, 

Triatomic alcohols may be derived from saturated hydrocarbons 
by substitution of three atoms of hydroxyl for three atoms of 
hydrogen, and may accordingly be regarded as compounds of 
trivalent alcohol-radicals with three atoms of hydroxyl, or as com- 
pounds derived from a triple molecule of water, H3O3, by substitu- 
tion of a trivalent alcohol-radical for three atoms of hydrogen. 
The hydrocarbons of the series, CnH2n+2, should accordingly 
yield a series«of triatomic alcohols of the form (CnH2n— i)"''(OH)3, 
viz. : — 


Methenyl alcohol, 
Ethenyl alcohol, . 
Propenyl alcohol, 
Quartenyl alcohol, 
Quintenyl alcohol, 
&c. 


&c. 


CH(0H)3 

C4H7(0H)3 

C6H3(0H)3 
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Of these, however, only two are known, viz,, propenyl alcohol, 
or glycerin, and quintenyl alcohol, or amyl glycerin. 

Each triatomic alcohol subjected to the action of acids, or of the 
v blorides, bromides, or iodides of phosphorus, may yield three 
classes of ethers, derived from it hy substitution of a halogen 
element, or acid radical, for part or the whole of the hydroxyl ; 
thus, from glycerin may be obtained the three hydrochloric ethers. 


Kethenyl Ethers. — Methenyl alcohol, CH(OHXj, has not 
oeen obtained ; but ethers are known which may be derived froiii 
it, by substitution of halogen elements for the three equivalents 
of hydroxyl, CHCI3 for example. These compounds, which may 
also be directly derived from methane, are usually distinguished 
by names ending in form,^^ to denote their relation to formic 
acid, (CH)'" 0 ( 0 H). 

Methenyl Chloride, or Chloroform, CHCI3. — This com- 
pound is produced: 1. Together with metheiie chloride, CHgClg, 
when a mixture of chlorine and gaseous methyl chloride is exposed 
to the sun's rays. 2. By the action of alkalis on chloral (p. 573 ) : 


CoHrChOH)^, C3H5CI2OH, C3H3CI3, and the three acetic ethers, 
C3H,(OC2H36)(dH)2, C3H3(0C2H30)20H, and C3H,(0C2H30)3. 


C2HCI3O + KOH 

Chloral. 


CHCI3 + KCHO2 
Chloro- Potassium 

form. formate. 


3 . By boiling trichloracetic acid with aqueous alkalis : 

C2HCI3O2 + 2KOH = CHCI3 + K2CO3 + HgO. 

4 . By the action of nascent hydrogen on carbon tetrachloride : 

CCI4 -f H2 = HCl + CHCI3. 

5 . By the action of hypochlorites, or of chlorine in presence of 
alkalis, on various organic substances, as methyl-, ethyl-, and amyl- 
alcohols, acetic acid, acetone, &c. The reaction is complicat^ed, 
giving rise to several other products; with common alcohol and 
calcium hypochlorite the principal reaction appears to be — 

2C2H3O -f SCaClgOg - 2CHCI3 + 2CaC03 -f 2 CaCl. + 
CaH 202 + 4H2O. 

Chloroform is prepared on the large scale by cautiously distilling 
together good commercial chloride of lime, water, and alcohol. 
The whole product distils over with the first portions of water, so 
that the operation may be soon interrupted with advantage. The 
chloroform, which constitutes the oily portion of the distillate, is 
purified by imitation with water, desiccation with calcium chloride, 
and distillation in a water-bath. 

Chloroform is a thin colourless liq^uid of agreeable ethereal odour, 
much resembling that of Dutch liquid, and of a sweetish taste. 
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Its density is 1*48, and it boils at 61® : the density of its vapour 
(compared with air) is 4*20. Chloroform is difficult to kindle, 
and hums with a greenish flame. It is nearly insoluble in water, 
and is npt affected by concentrated sulphuric acid. When boiled 
with aqueous potash in a closed tube, it is converted into potassium 
chloride and formate : 

CHCI 3 + 4HOK = 3KCI + CHO(OK) + 2 H 2 O. 

Chloroform is well known for its remarkable effects upon the 
animal system, in producing temporary insensibility to pain when 
its vapour is inhaled. 

Bromoform^ CHBrg , is a heavy, volatile liquid, prepared by 
the simultaneous action of bromine and aqueous alkalis on alcohol, 
wood-spirit, and acetone. It is converted by caustic potash into 
potassium bromide and formate. 

Iodoform, CHI 3 , is a solid, yellow, crystallisable substance, 
easily obtained by adding alcoholic solution of potash to tincture 
of iodine, avoiding excess, evaporating the whole to dryness, and 
treating the residue with water. It is nearly insoluble in water, 
but dissolves in alcohol, and is decomposed by alkalis in the same 
manner as the preceding comi)ounds. Bromine converts it into 
bromiodoform, CHBr^I, a colourless liquid which solidifies at 
0 ®. Iodoform distilled with phosphorus pentachloride or mercuric 
chloride, is converted into chloriodoform, CHClgI, a colourless 
liquid of sp. gr, 1'96, which does not solidify at any temperature. 
Nitroform, CH(N 02 ) 3 , a body anplogous in composition to the 
methenyl ethers, will be considered in connection with the cyanogen 
compounds. 

Propenyl Alcohol or Glycerin, 

CHgOH 
(OH I 

CsHgOa = (C 3 HJ".jOH or CHOH 

illgOH 

This compound is obtained by the action of alkalis on natural 
fats, which are, in fact, the propenylic ethers of certain fatty acids; 
thus stearin, one of the constituents of mutton suet, consists of 
propenyl tristearatCy (C3H^y"(0Ci3H350)3, a compound derivable 
from glycerin itself, by substitution of stearyl, CigH^O, for hydro- 
gen. Now, when stearin is boiled with a caustic alkali, it is con- 
verted into a stearate of the alkali-metol and glycerin, thus ; 

C8H3(0d|sH350)3 + 3KOH = + C8H3(OH)8 

SteariA Potassium Glycerin. 

stearate. 

A similar reaction takes place when any other similarly constituted 
fat is treated with a caustic alkali. ThemetaUic salts of the fatty 
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iicids thus obtoined are the well known bodies called soaps, and 
the process is called saponification; this term, originally 
restricted to actual soap-making, has been extende<l to all cases of 
the resolution of a compou I ether into an acid and an alcohol, 
such, for example, as the conversion of ethyl acetate into acetic 
acid and ethyl alcohol by the action of alcoholic potash. 

Glycerin was originally obtained by heating together olive or 
other suitable oil, lead oxide, and water, as in the manufacture of 
common lead^plaster ; an insoluble soap of lead is thereby formed, 
while the glycerin remains in the ac|ueous liquid. The latter is 
treated with suljjhuretted hydrogen, digested with animal charcoal, 
filtered, and evaporated in a vacuum at the temperature of the aii*. 
Glycerin is now produced in very large quantity and perfect 
purity in the decomposition of fatty substances by means of over- 
heated steam, a process winch Mr George Wilson has lately intro- 
duced into the manufacture of candles. In this reaction a fatty 
acid and glycerin are jnoduced by assimilation of the elements of 
water ; they are canied over by the excess of steam in a state ol‘ 
mechanical mixture, wbicli rapidly separates into two layers in the 
receiver. The reaction is exactly similar to that which takes 
place when a caustic alkali is used to effect the saixmification, e,g.: 

+ 3 H 2 O = 3H0C\sH3-0 + C3H,(0H)3 

stearin. Stearic acid. Glycerin. 

Glycerin may also be produced from propenyl bromide, 
a compound formed, as already observed, by the 
action of bromine on allyl iodide, C3H5I. The i)roc(^ss consists 
in converting tlic propenyl-broinide into propenyl triacetate, 
(G3Hr,y''(0Cj,H30)3 , by tlie action of silver acetate, and decomjios- 
ing this ether with potash. 

This mode of formation must not, however, be regarded as an 
actual synthesis of glycerin from compounds of simpler constitu- 
tion; for the ally 1-compounds are tliemselves prepared from 
glycerin (p. 612). 

Glycerin is a nearly colourless and very viscid liquid of sp. gi\ 
1‘27, wliich cannot jbe made to crystallise. It has an intensely 
sweet taste, and mixes with water in all proportions: its solution 
does not undergo the alcoliolic fermentation, but when mixed with 
yeast and kept in a warm place, it is gradually converted into 
propionic acid. Glycerin has no action 011 vegetable colours. 
Exposed to heat, it volatilises in part, darkens, and decomposes, 
giving off, amongst other products, a substance called acrolein, 
C3H4O, having an ini^ensely pungent odour. 

Concentrated nitric acid converts glycerin into glyce'^ic acid, 
C3H3O4, an acid related to glycerin in the same manlier as gly- 
collic acid to glycol, and acetic acid to ethyl alcohol ; being 
formed from it by substitution of oxygen for two atoms of hydro- 
gen in immediate relation to hydroxyl ; thus : 

2 B 
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CH30H 

CHgOH 

1 

CHOH + O2 

= H2O + illOH 

illjOH 

iooH 

Glycerin. 

Glyceric acid. 


The formula of glycerin indicates the possibility of effecting a 
second substitution of the same kind, which would yield diglyceric 
acid, C3II4O5, but this acid has not been actually obtained. 

Glycerin, treated with a mixture of strong nitric and mlphuric 
acidSy forms nitroglycerin, CjH^(N0,j)^03, a heavy oily liquid 
which explodes powerfully by porcussioiL It is much used for 
blasting in mines and quarries, but is very dangerous to handle, 
and has given rise to several fatal accidents. 

Glycerin combines with the elements of sulphuric icid, forming 
a sulphoglyceric acid, C3Hg03S03, which gives soluble salts 
with lime, baryta, and lead oxide. 

Monatomic oxygen-acids (acetic, benzoic, stearic, &c.), heated in 
sealed tubes with glycerin, yield compound ethers in which 1, 2, 
or 3 hydrogen-atoms of the glycerin are rei)laced by an equivalent 
(|uantity of the acid radical, according to the proportions employed. 
The resulting compound ethers are denoted by names ending in 
in; thus: 

C3H,(0H)3 + HOC^HgO = C,II,{0U),0C,U,0 + H^O 

Glycerin. Acetic acid. Mono-acefiii. 

C3H,(0I1)3 4 - 2HOC3H3O = (;3H5(0H)(0C3H30)3 + 2H3O 

Glycerin. Acetic acid. Diacetin. 

C3H3(0II)3 + 3HC)aH30 = C3H3(0C2H30)3 + 3H3O 

Glycerin. Acetic acid. Triacetin. 

The glyceric ethers or glycerides thus produced are, for the 
most jiart, oily Ihpiids, increasing in viscidity as the acid from 
which they are formed has a higher molecular weight; those 
formed from the higher members of the fatty acid series, CnH2n02 
(such as palmitic and stearic acids), are solid fats. Some of the 
triacid glycei'ides, jnoduced artificially in the way just men- 
tioned, are identical with natural fats occairring in the bodies of 
plants and animah ; thus tristearin is identical with the stearin of 
beef and mutton suet ; triolein with the olein of olive oil, &c. 

Hydrochloric and hydrobromic acids act upon glycerin in the 
same manner as oxygen-acids, excepting that the reaction always 
stops at the second stage (just as in the action of these acids on 
the glycols it stops at the first stage). The ethers thus formed 
are called chlorhydrins and bromhydrins, c&c., c,g,: 

C3H,(oh)3 + HCI = C3H3(oh) 2C1 + n^o 

Glycerin. ChlorliydrJn. 

C3H3(0H)3 + 2HC1 C3H3(0H)C]2 + 2Hs,0 

Glycerin. Dichlorhydrin. 
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Ilydriodic acid acts somewhat differently, producing an ether, 
CgHjiI03, which may be regarded as a double molecule of glycerin, 
having four equivalents oi ydroxyl replaced by two atoms of 
oxygen, and a hfth by iodine, CgHiQ02(OH)I. 

The chlorides and bromides of phosphorus act upon glycerin in 
the same manner as hydrochloric and hydrobromic acid, but their 
action goes on to the third stage, producing trichlorhydrin, or 
propenyl chloride, and the corresponding bromine compound : 

C3H,(OH)Cl2 + PCI, = PCI3O + HCl + C3H,Cl3 

Diclilorhy drin . Trich lor- 

liydiin. 

Todide of phosphorus acts on glycerin in a totally different mail' 
ner, yielding iodopropene or ally! iodide, C3H5I (p. 613 ). 

Glycide. — When dichlorhydrin is treated with potash, it gives 
up a molecule of hydrochloric acid, and is converted into a com- 
pound, C3H3OCI, called epichlorhydrin : 

C3H5(OH)Cl2 ~ IICl = C3H^0CL 

This compound may be regarded as the hydrochloric ether of an 
alcohol, C3Hr,0(0H), called glycide, formed from glycerin by 
abstraction of HgO. Dibromhydrin, C3H5(OII)Br2, treated in the 
same manner, yields epibromhydrin, or the hydrobromic ether 
of glycide, Cgll^OBr. Epichlorhydrin heated with dry potassium 
iodide is converted into epi-iod hydrin, 031130! ; 

C3H3OCI + K 1 - KCl + C3II3OI. 

These glycidic ethers are easily reconverted into bodies of the 
glycerin type. Thus e])ichlorhydrin combines with acetic acid, 
forming glyceric acetochlorhydrin : 

(C3H,)-C10 + HOC3H3O = (C3H3)'"C1(0H)(0C3H30); 
and with alcohol in like manner, forming glyceric etii vlchlor- 
hydrin, (CTO-CKOHXOCA). * 

Epichlorhydrin unites directly with ttnter, forming glyceric 
111 o 11 o c h 1 o r h y d r i n, C3ll3(OH)2Cl. 

Polyglycerins. — Two, three, or more molecules of glycerin 
can unite into a single molecule, with elimination of a number of 
water-molecules less hy one than the number of glycerin mole- 
cules which combine together ; thus : 


2C3H3(0H)3 

- H3O 

- j 

Glycerin, 


Diglyccrin. 

3 C 3 H 3 ( 0 H )3 

- 2H2O 


Glycerin. 


Triglycei in. 
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Generally : 

nCjHsCOH), - (»-l)H,0 - 

The product is a polyglycerin whose atomicity (determined by 
the number of equivalents of hydroxyl contained in it) is n + 2. 

The mode of preparing the polyglyceriiis is similar to that of 
the polyethenic alcohols (p. 621 ), and consists in heating glycerin 
with chlorhydrin, whereby diglycerin and hydrochloric acid are 
formed : 

C 3 H,C 1 ( 0 H )2 + C 3 H,( 0 II )3 = (C 3 H,) 30 ( 0 H), + HCl. , 

The hydrochloric acid thus formed converts a fresh quantity of 
glycerin into chlorhydrin, which then acts in a similar manner on 
the iligJycerin and converts it into triglycerin, and in this maniiei* 
the process is continued. The polyglycerins may then be separated 
l)y iractional distillation. Their properties are but little known. 

Cluintenyl Alcohol, or Amyl Glycerin, = 

(C5H9)''''(0H)3. — This compound is formed from bromoquintem* 
dibromide, Ogll^Br.Br.^, or quintenyl bromide, C5H9Br3, by the 
series of processes represented in the following equations : 

C,H„Br3 + 2Ag0C.3H30 = 2AgBr + (CsHo)'" | 

Quint<‘nyl Silver Silver Quintenyl cliacelo- 

broinidc. acetate. bromide. bronihydrin, 

(a,H,y" j (0C!|H30)3 2 KOH = 2KOC3H3O + j 

Quintenyl diaceto- rotassium Potassium Quintenyl 

bromhy drill. hydrate. acetato. bromhydrin. 

(C^ITa)'" j + KOH = KBr + (C3Ho)'"(OH)3 

Quintenyl Quintenyl 

bromhydrin. alcohol. 

Quintenyl alcohol is a thick colourless liquid, having a sweet 
aromatic taste, and soluble in water. 


TETRATOMIC ALCOHOLS AND ETHERS. 

The only tetratomic alcohols at present known are erythiite, 
(I4H10O4, and propylphycite, C3llg04. 

Erythrite, C4llio04 = (C4H6)‘’'(OH)4, also called Erythrornmi- 
nite, Erythrogluein, and PhyciU, is the tetratomic alcohol corre- 
sponding to butyl alcohol, C4HJ9O, and butyl glycol, C4 Hiq 02 ; the 
iMirrespoiiding glycerin is not known. 

Erythrite is a saccharine substance, existing ready-formed in 
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Protococcus vulgaris. It was originally iliscfv’'ercd by Dr. Stenbonse 
among the products of decomposition of erytliric acid.* It crys- 
tallises in large transparent prisms, is readily soluble in water, 
sparingly soluble in alcohol, insoluble in ether : not fermentable. 
Heated with hydriodic acid^ it yields secondary butyl iodide, 
O.HJ (p. 598): 

C4H10O, + 7HI = C^H,! + 4OH2 + 3I2. 

Heated with oxygen-acids^ it forms C()m])ound ethers, in tlie 
manner of alcohols in general; thus, with benzoic acid^ CyH^Oo, or 
HOC^H^O, it forms a dibenzoate, and a 

hexbenzoate, (C4 Hq)”'( 0(J^II50)4. 205.6^02, consisting of neutral 
oenzoyl-erythrite united with two molecules of benzoic acid. 

Propylphycite, C3llg04 = (C3H4)'''(OH)4. — This alcohol is 
obtained synthetically by the fol lowing series of processes : 1 . Epi- 
chlorhydrin (p. 627) comliines with hypochlorous acid, forming 
the dichlorhydrin of propylphycite : 

CaH-OCl + ClOH - (C3H4)*''C]2(0H)2, 

2. This dichlorhydrin, treated with silver acetate, is converted 
into the corresponding diacetiu, (C3H4)‘’^(0C2H30)2(0H)2. — 3. Tlie 
diacetin, healed with aq^ueous potash, yields the tetratomic 
alcohol. 

Propyl})hycite is a (^olourless, solid, amorphous mass, which 
deliquesces in the air to a glutinous liquid. It has a sweetish 
taste, dissolves easily in alcohol, and resembles erythrite in its 
chemical relations. With fiuuing nitric acid, it forms nitropro- 
pylphycite, C3H7(N02)0.. 

Carbon tetrachloride, CCL, may be regarded as a tetratomic 
ether; the corresponding alcohol, (^(011)4, is theoretically possible 
but is not actually known. 


PENTATOMIC ALCOHOLS. 

Finite and quercite, two saccharine substances having tiie 
composition Probably belong to this class of bodies, inas- 

much as they produce ethers when treated with acids, and the 
atomicity of an alcohol — that is to say, the number of replaceable 
hydrogen-atoms which it contains — is equal to the number of 
oxygen-atoms in its molecule ; such indeed is the case with all the 
alcohols described in the preceding pages. 

Finite is contained in the sap of a Californian pine {Pinm 
La'mhertiana)y and is deposited from the aqueous extract of the 
hardened juice, in hard white crystalline nodules, as sweet as 

* See the chapter on colouring matters. 
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cane-sugar very solute in water, nearly insoluble in alcohol. 
It tiims the plane of polarisation of a luminous ray to 
the right is not fermentable. With henzoic Acid it forms 
dibenzopinite, 0^117(0071150)2(011)3, and tetrabenzopinite, 
0^117(007^50)4(011) ; and similar compounds with stearic acid. 

duercite is a saccharine substance extracted from acorns, by 
treating the aqueous infusion with milk of lime to remove tannic 
acid, leaving the liquid to ferment with yeast to remove ferment- 
able sug|^, evaporating the filtrate to a syrup, an 1 leaving it to 
crystallise. It forms hard monoclinic crystals, winch grate be- 
tween the teeth, and are soluble in water and in hot ih'lute alcohoL 
Heated in a sealed tube with benzoic acid, it forms di enzoquer- 
cite, C,H,( 0 C\H, 0 ),( 0 H),. 


HEXATOMIC ALCOHOLS AND ETHERS. 

This class of compounds includes most of the saccharine sub- 
stances found in plants, and others produced from them by artifi- 
cial transformation. Two of the natural sugars, inannite and 
dulcite, having the composition CgHi40g, or (C5H3)'’(OH)5, are 
saturated hexatomic alcohols derived fioin the saturated hydro- 
carbon, CeH44. Several others, called glucoses, contain 
that is to say, two atoms of hydrogen less than inannite and 
dulcite, and may therefore be regarded — so far as composition is 
concerned — as the aldehydes of these alcohols ; moreover, ordinary 
glucose (grape-sugar) is converted into inannite by the action of 
nascent hydrogen, just as acetic aldehyde, O0H4O, is converted into 
common alcohol, C2H5O. "Further, there are di glue o sic alcohols, 
C42H220 i 4( — 2CqHi206— H2O), related to the glucoses in the same 
manner as dietlienic alcohol to glycol, or diglycerin to glycerin : 
the most important of these are cane-sugar and milk-sugar; 
and, lastly, there are certain vegetable products — viz., starch, 
cellulose, and a few others, represented by the formula C^H^pOr,, 
or multij)les thereof, which may be regarded as the oxygen-ethers 
or anhydrides of the glucoses, or of the diglucosic alcohols, inas- 
much as they differ therefrom by a molecule of water. 


Saturated Hexatomic Alcohols. 

Mannite, C6H44O,, = (C5H3)(OH)e. — This is the chief compo- 
nent of man 7 ia, an exudation from a species of ash ; it is also found 
in the juice of certain other plants, in several sea-weeds, and in 
mushrooms. It is best prepared by treating inaima with boiling 
alcohol, and filtering the solution whilst hot ; it then crystallises 
on cooling in tufts of slender needles. Mannite may be produced 
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artificially by treating a solution of glucos^ith sodium-amalgam, 
the glucose then taking up 2 atoms of hyc^gen : 

C0H12OQ + Hg = . 

The same transformation of glucose sometimes takes place under 
the action of certain ferments. 

Mannite crystallises in thin four-sided prisms, easily soluble in 
water and in hot alcohol, insoliilde in ether. It is slightly sweet, 
lias no action on jiolarised light, and is not fermentable except 
under very unusual conditions. * 

^ By oxidation in cojitact with platinum blacky mannite is con- 
verted into mannitic acid, and mannitose, 

a kind of sugar isomeric with gliK’ose. By oxidation with nitric 
acid it yields saccharic acid, OcHioOs? ultimately oxalic 
acid. Mannitic acid and saccharic acid are related to mannite in 
tlie same manner as glycollic acid and oxalic acid to glycol ; the 
ridation between the three compounds is shown by the following 


formuluj : 

CHgOIJ COOH COOH 

c^rroH c'lroH c'hoii 

(in on ebon 

CHon CHOH (bon 

ebon CHOH (boH 

(Ijii.pH CII2OH cboii 

Mannite. Mannitic Saecliaric 

acid. acid. 


By fumiruf nitric acid^ or more easily by a mixture of nitric 
and sulphuric acids^ mannite is converted into nitroniannite, 
(.^gHg(N()2)gOf., a crystalline body, wliich exjdodes violently by 
percussion or when suddenly heated, and is reconverted into 
mannite by ammonium sulphide. With suljdiuric acid mannite 
forms sulphoniannitic acid, ('(jIIi40(j.3S()3. 

Mannite, treated with hydriodic acid, is converted into secondai*\ 
hexyl iodide, or hexylene liydriodide (p. 60H) : 

+ llHI = + GHgO + ni, 

Mannite, heated with organic acids forms compound etht*rs, after 
the manner of alcohols in general, the elements of the mannite and 
the acid uniting together, with elimination of one or more mole- 
cules of water. The resulting com})ounds, called mannitanides, 
bear a coiisidca’able resemblance to the fats ; but their composition 
has not been very exactly determined. 

These ethers, when saponified with alkalis, yield, not mannile, 
hut mannitan, a com])Ound dilfering from mannite by 

one molecule of water. The same compound is obtained in small 



G32 


KATTY GROUP : ALCOHOLS AND ETHKRS. 


quantity by heating n||miite to 200°, and more easily by prolonged 
boiling of mannite winf strong hydrochloric acid. It is a syrupy 
liquid, which volatilises slowly at 140°, and dissolves easily in 
water and in cold absolute alcohol : this last property affords the 
means of separating it from mannite. When exposed to the air, 
it slowly absorbs water, and is reconverted into mannite; the 
change is accelerated by boiling with acids or with alkalis. 

Mannite, boiled with butyric acid, gives up two molecules of 
water, and is converted into mannide, C8H(o04, which is also a 
syrupy wjuid, but differs from mannitan in being much more 
volatile, evaporating rapidly at 140°, and in being quickly recon- 
verted into mannite by exposure to moist air. It dissolves easily 
in water and in absolute alcohol. 

Dulcite, CgHi^Og, also called Dulcin, Dulcose, and Melampyrite. 
— This sugar, isomeric with mannite, is obtained from a crystal- 
line substance, of unknown origin, imported from Madagascar : it 
is extracted therefrom by boiling with water, and crystallises from 
the filtered solution. Dulcite is likewise obtained from Melampy- 
rum mrmromm, by mixing the atiueous decoction of the plant 
with lime, concentrating, adding hydrochloric acid in slight excess, 
and evaporating a little : it then separates in crystals as the liquid 
cools. 

Dulcite is a sweet substance resembling mannite in most of its 
properties, but differing from it in its crystalline form, which is 
that of a inonoclinic prism, whereas the crystals of mamiite are 
trimetric; also in its melting point, dulcite melting at 182°, maix- 
nite at 165°, amf by yielding, when oxidised with nitric acid, not. 
saccharic acid, but mucic acid, which is isomeric therewth. 
Heated with organic acids, it fonus ethers called dulcitanides, 
analogous to the mannitanides, and joelding by sa])onification, 
not dulcite, but dulcitan, CgHjgO,, which may likewise I*e 
obtained by heating dulcite, or by boiling it with hydroclilori<-. 
acid. 

Isodulcite, 0^114405, or Cflllj^Og.IIjjO, a saccharine substance 
isomeric with mannite and dulcite, is X)roduced by the action of 
dilute acids on quercitrin (p. 641). It fonns large transi)arent, 
regularly developed crystals resembling those of cane-sugar : it is 
sweeter than grape-sugar, not fermentable, dissolves in 2'()9 parts 
of water at 18°, and easily in absolute alcohol. The solutions turn 
the plane of polarisation to the right. Isodulcite melts with loss 
of water between 105° and 110°, is coloured yellow or brown by 
strong sulphuric acid and caustic alkalis, and reduces cupric oxide. 
By a mixture of nitric and sulphuric acids, it is converted into a 
slightly explosive nitro-compound, CgH,j(N02)3()j;. 
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Glucoses^ CqHi.Pq. 

The sugars included in this formula may be regarded as alde- 
hydes of the saturated alcohols, CgH^Og. Ordinary glucose (grape- 
sugar) is converted into maimite hy the action of nascent hydrogen 
(p. 631), and, on the other hand, maimite, when slowly oxidised in 
contact with platinum black, is partly converted into maunitose. 
Nevertheless, the glucoses still exhibit the characteristic moperty of 
alcohols, namely, that of fonning ethers by combination with acids 
and elimination of water. The formula of a glucose may indeed 
be derived from that of maimite given on page 631, by removing 
two hydrogen-atoms from one of the groups, CH^OH, the other 
groups remaining as before ; the glucoses may therefore be expected 
to act as pentatomic alcohols. Bodies thus constituted may be 
called alcoholic aldehydes. 

The following varieties of glucose are known : — 

1. Ordinary glucose^ produced by hydration of starch under the 
influence of dilute acids or of diastase, and existing ready-formed, 
together with other kinds of sugar, in honey and various fruits, 
especially in graj)es, and alone in diabetic urine. 

2. Maltose^ produced by the limited action of diastase on starch, 
and differing from glucose only in its optical rotatory i)ower. 

3. Letmlme^ existing in cane-sugar which has been acted upon by 
acids, and obtaimvl pure by the action of dilute acids uj^on a variety 
of starch called inulin. 

4. Mannitose^ produced by oxidation of mannitfe. 

5. Galactose j formed by the action of acids on milk-sugar. 

6. Inosite, existing in muscular flesh. 

7. Sorbin, obtained from mountain-ash berries. 

8. Kucalyn, existing, together with another kind of sugar, in the 
so-called Australian ananna. 

The first four of these glucoses exhibit but very »s]ight diversity 
ill their chemical properties, differing chiefly indeed in their action 
on polarised light, and a few other physical properties. They all 
yield saccharic acid by oxidation. Galactose differs from them in 
yielding mucic acid w hen oxidised. Inosite, sorbin, and eucalyn 
exhibit still greater differences in their chemical properties, espe- 
cially in not being fermentable, except under very jieculiar circum- 
stances, whereas the five other glucoses undergo vinous fermenta- 
tion when placed, under certain conditions, in contact with 
yeast. 

All the glucoses, except inosite, are decomposed by boiling witli 
aqueous alkalis ; this property distinguishes them from maimite 
and dulcite. They are not carbonised by strong sulphuric acid at 
ordinary temperatures. When boiled with a solution of potassio- 
cupric tartrate, they throw down the copper in the form of red 
cuprous oxide. 
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1. Ordinary Glucoi||^ Deztro-gluoose, Deztoose, CqH 12^6* 
— This variety of sugar is very abundantly diffused through 
the vegetable kingdom : it may be extracted in large quantity 
from the juice of sweet grapes (whence it is often called graper 
sugar), also from honey, of which it forms the solid crystalline 
portion, by washing with cold alcohol, which dissolves the fluid 
syrup. The appearance of this substance, to an enormous extent, 
in the urine, is the most characteristic feature of the disease 
called diabetes. It exists in diabetic urine unmixed with any 
other kina of sugar, and is easily obtained by concentrating the 
liquid till it crystallises, washing the crystals with cold alcohol, 
dissolving them in water, and re-crystallising. It may also be 
prepared from starch by the action of diastase, a peculiar ferment 
existing in germinating barley, or by boiling with dilute sulphuric 
acid. In these reactions the starch takes up the elements of 
water, and is resolved into glucose and dextrin, a compound 
isomeric with starch itself. 

3C,Hio 05 + H,0 = + 2CeH,o05 

Starch. Glucose. Dextrin. 

Glucose is always prepared from starch when required in con- 
siderable quantity (p. 64(5). Cellulose is likewise converted into 
glucose by the action of acids (p. 649). Lastly, glucose is juo- 
(hiced by boiling natural glucosides with dilute acids. 

Glucose is much less sweet than cane-sugar, and less soluble in 
water, and in alcohol; anhydrous glucose dissolves in 1*224 parts 
of water at 15^. ^From its a<[ueous solution it separates in granular 
warty masses, consisting of a hydrate, • 1 ^ 2 ^^ which leaves 

anhydrous glucose as a fused transj)areiit mass wdien heated to 
or as a dry while powder when heated to 55^^ or 60° in a 
stream of dry air. The alcoholic solution deposits anhydrous 
glucose in microscopic needles wdiich melt at 140°. In the state of 
solution glucose turns the plane of polarisation of a ray of light 
to the right (hence the names dextroglucose and dextrose): its specific 
or molecular rotatory power* is + fi6°, and does not vary with 
tlie temperature. 

* The specific or molecuhar rotatory power of an optically active sub- 
stance, usually denoted by the symbol [a], is measured by the number of 
degrees through which a column 100 millimeters or 1 decimeter tliick, of a 
solution containing 1 gram of the pure substance, would rotate the plane 
of polarisation, supposing the specific gravity of the solution to be = 1. 
Hence, if the molecular rotatory power [a] is known, the rotation, a, of the 
plane of polarisation caused ))y a stratum 1 decimeter thick, ^ of a solution 
of sp. gr. 1, and containing e grams of substance in 1 gram of solution, is 
exx^ressed by the equation, a = e [a]. If, however, the sp. gr. is we 
have a — 6[a]5. If the thickness of the stratum is \ decimeters, we have 
tinally : 

a = c[a]6\. 

If, then, the angle of rotation, a, has been found by cYx^eriment, the 
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Glucose may be heated to 120® or even €30® without alteration, 
but at 170® it gives off water and is converted into glucosan, 
CgHioOfi, which, when freed from caramel (p. 646) by means of 
charcoal, and from glucose by fermentation, forms a colourless 
mass, scarcely sweet to the taste, and having somewhat less dextro- 
rotatory power than glucose. At higher temperatures glucose 
blackens and suffers complete decomposition. Glucose boiled for 
some time with dilute sulphuric or hydrochloric acid, is converted 
into brown substances called ulmin, ulinic acid, &c. — Strong .ml- 
phuric acid converts it at ordinary temperatures into sulpho- 
saccharic acid, which forms a soluble barium salt. 

LimCj baryta^ and lead oxide dissolve slowly in amieous solu- 
tion of glucose, and on adding alcohol to the liquid, com- 
pounds of these oxides with glucose are precipitated. The 
barium compound is said to contain (C.,Hi20e)o(Ba0)3.2H20; the 
calcium compound, (CgHj20^.)2(Ca0)3.2H20 ; the lead compound, 
(CeH,20e)^(Pb0)3(0HV Th ese compounds are, however, very 
unstable, being decomposed at the heat of boiling water. Glu- 
cose also combines with sodium chloride, forming the compound 
(CeHi20e)2NaCl.n20. 

Glucose, boiled with a cupric salt in presence of alkalis, easily 
reduces the cupric oxide to cuprous oxide : by this character it is 
easily distinguished from cane-sugar. 

When solutions of cane-sugar and glucose are mixed with two 
separate portions of solution of cujuic sulphate, and caustic ])otash 
is added in excess to each, deep-blue liquids are obtained, which, 
on being heated, exhibit different characters : the one (lontaining 
cane-sugar is the first but little altered; a small quantity of red 
powder falls after a time, but the liquid long retains its blue tint ; 

quantity of substance, c, in 1 gram of solution is given by tbe^ equa- 
tion 

a 

If, on the otlier liand, it is desired to determine the specific rotatoiy 
jiower, we have the equation. 


For exanqde, by dissolving 11*347 grams of dextro -glucose in 88’6r)3 
grams of water, a solution is obtained, having a sp. gr. of 1*048, and pro- 
ducing in a tube 2 decimeters long, a rotation of 13*7“. Hence the luolecular 
rotatory power of dextro-glncose is given by the equation, 

" [a] = - 57.(3 

The rotation is generally observed for the transition tint between the 
blue and the purple, iu which case the molecular rotatory power is denote<l 
by the siniple symbol fa]; sometimes, however, it is observed for the rod 
ray ; and in this case the symbol [a]r is employed. Tlie rotation is dis- 
tinguished as + or - , accordingly as it takes place to the right or the left. 
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with the glucose, on the other hand, the first application of heat 
throws down a copious greenish precipitate, which rapidly clianges 
to scarlet, and eventually to dark-red cuprous oxide, leaving a 
nearly colourless solution. If the analyst has but small quantities 
of material at his disposal, a mixture of cupric sulphate and 
tartaric acid, to which an excess of potash has been added, may be 
used with advantage. This solution, called potassio-cupric tartrate^ 
is an excellent test for distinguishing the two varieties of sugar, 
or discovering an admixture of glucose with cane-sugar. 

Glucose mixed in dilute solution with yeast and exposed to a 
temperature of 21°-26®, easily undergoes vinous fermentation 

2. Maltose, CgHigOg. — This name is given by Dubrunfaut to 
the sugar produced by the action of diastase upon starch. It has 
a dextro-rotatory power three times as great as that of ordinary 
glucose, but resembles the latter in all other respects, and is con- 
verted into it by boiling with dilute acids. It appeiirs to be merely 
a physical modification of glucose, the difference between the two 
depending on the arrangement of the molecules, not on that of the 
atoms within a molecule. 

3. Levulose, — This sugar, distinguished from dextro- 

gZucose hy turning the plane of j)olarisation to the left, occurs, 
together with dextro-glucose, in honey, in many fruits, and in 
other saccharine substances. The mixture of these two sugars in 
equivalent quantities constitutes fruit-sugar, or invert sugar, 
which is itself levorotatory, because the specific rotatory power of 
levulose is, at ordinary tem 2 )eratures, greater than that of dextro- 
glucose. 

Cane-sugar may be inverted, that is, transformed into a mixture 
of etjual ])arts of dextro-glucose and levulose, by wanning with 
dilute acids : 

C12H22OU + H2O = 

The same change is brought about by contact with yeast, or with 
pectase, the peculiar ferment of fruits ; it likewise takes place 
slowly when a solution of cane sugar is left to itself. 

To sei>arate the levulose, the invert sugar obtained from 
10 grams of cane-sugar is mixed wdth G grains of slaked lime an<l 
100 glams of water, whereby a solid calcium-compound of levulose 
is formed, while the whole of the dextro-glucose remains in solu- 
tion, and may be separated from the precipitate by pressure. The 
calcium salt of levulose suspended in water and decomj)osed by 
carbon dioxide^ yields a solution of pure levulose, which may be 
filtered and concentrated by evaporation. Levulose may be at 
once obtained in the pure state by the action of dilute acids on 
inulin. 

Levulose is a colourless uncrystallisable syrup, as sweet as cane- 



GLUCOSES. 


637 


sugar, more soluble in alcohol than dextro-glucose. Its rotatorv^ 
power is much greater tlian that of dextro-glucose at ordinary 
temperatures, but diminishes as the temperature rises. For the 
transition tint, [ec] = — 106® at 14® ; = — 79’5® at 52® ; = — 53 ® at 
90°. Now, the rotatory power of dextro-glucose is the same at all 
temperatures, and equal to + 56® ; consequently that of invert 
sugar, which is —25'^ at 15®, diminishes by about one-half at 52®, 
becomes nothing at 90®, and changes sign above that tempera- 
ture. 

Levulose exhibits, for the most part, the same chemical reactions 
as dextro-glucose, but is more easily altered by heat or by acids, 
and on the contrary offers greater resistance to the action of alkalis 
or of ferments. 

Levulosan, the oxygen-ether or anhydride of levu- 

lose, is produced, togetlier with dextro-glucose, by melting cane- 
sugar for some time at 160® : 

^12^22^11 “ ^6^10^5 "I" • 

The glucose may be removed from the liquid by fermentation, 
and the levulosan, which is unfermentable, may be obtained by 
evaporation as an iincrystallisable syruj). By boiling with water 
or dilute acids, it is converted into a fermentable levorotatory 
sugar, probably levulose. 

4. Mannitose, — This is the sugar produced, together 

with mannitic acid, by the oxidation of mannite in contact with 
platinum black. It may be separated by saturating tlie ]i(£uid 
with lime, precif)itating the calcium inannitate with alcohol, 
evaporating the filtrate to a syrup, adding alcohol, again filtering, 
and evaporating to dryness. 

Mannitose is syrupy, uncryslallisablo, fermentable, inactive to 
polarised light, and resembles the other glucoses in its chemical 
reaction. 

5. Galactose, is produced by boiling milk-sugar with 

dilute acids. It is soluble in water, sparingly soluble in cold 
alcohol, crystallises more readily than ordinary glucose ; has a 
dextro-rotatory power of 83'3® ; and is very easily fermentable. 
It resembles dextro-glucose in most of its reactions, but is distin- 
guished from all the four glucoses above described by yielding 
mucic instead of saccharic acid, when oxidised by nitric acid. 

6. Inosite, or Phaseomannite, CgHigO^., is a variety of glucose 
occurring in the muscular substance of the heart and other organs 
of the animal body ; also in green kidney-beans* the unrif)e fruit 
of Phaseolus vulgaris^ and in many other planfcs. It forms pris- 
matic crystals, resembling gypsum, soluble in water* but insoluble 
in alcohol and ether. It may be boiled with strong aqueous 
potash or baryta without alteration or coloration. If this sugar 
be evaporated with nitric acid nearly to dryness, the residue mixed 
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witli a little aiumonia and calcium chloride, and again evai)orated, 
a beautiful and characteristic rose lint is produced. 

Inosite does not ferment with yeast, but in contact with cheese, 
flesh, or decaying membrane and chalk, it undergoes lactous fer- 
mentation, producing lactic, butyric, and carbonic acids. 

7. Sorbin, or Sorbite, CgHi20«, is a crystallisable sugar existing 
in the juice of ripe moxmtain-ash berries (Sorbus aucuparia). The 
juice, when allowed to stand for some time in open vessels, 
deposits a brown crystalline matter, which may be obtained in 
transparent colourless crystals belonging to the trimetric system. 
This substance is almost insoluble in alcoliol, but easily soluble in 
water, to which it immris an exceedingly sweet taste. A solution 
of sorbin, mixed witn ammonia and lead acetate, yields a white 
flocculeiit precipitate, containing C0H4pb"O0. With sodium 
chloride it forms a compound wbich crystallises in cubes. 

Sorbin is converted by hot nitric acid into oxalic acid. It does 
not ferment with yeast, but in contact with cheese and chalk, at 
40®, it undergoes lactous fermentation, yielding a large quantity 
of lactic acid, together with alcohol and butyric acid. 

8. Eucalyn, CgHigOg, is an unfermentable sugar, separated in 
the fermentation of rnelitose (the sugar of the Eucalyptus of 
Tasmania), in consequence of the destruction of a fennentable 
kind of sugar which, in coinbijiation with eucalyn, constitutes 
meliiose : 

C12H22OU + n^O = 2 CO, + 2C2H,0 + 

Melitose. Alcoliol. Eucalyn. 

On evaporating the liquid, the eucalyn remains as an uncrystal- 
lisable syrup, having a specific rotatory power of + hO® nearly. 
It is not rendered fermentable by the action of sulphuric acid. 


GLUCOBIDES. 

AVlien ordinary glucose is healed to 100®-! 20® for fifty or sixty 
hours with aceticj butyric, stearic, benzoic, and other organic acids, 
the two unite, with elimination of water, and compound ethers 
called glucosidcs are formed, analogous to the mannitanides. A 
number of these artificial glucosides have been prepared by Berthe- 
lot, who regards them as derivatives of glucosan, because 

when heated with alkalis they yield glucosan, not glucose. Thus, 
there is a glucoso-butyric ether to which Berthelot assigns the 
formula CQHo(C4Hy0)20fi, and an acetic ether, which he regards as 
as hexaceto-gmcosan, CQH4(C2H30)g05 ; but they are merely oily 
liquids, which are very dillicult to obtain pure, and therefore their 
analyses are not much to be depended on. 

A considerable number of bodies of similar constitution exist 
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rcady-fonned in plants, many of tliem constituting the hitter 
principles of the vegetable kingdom. None of these natural glu- 
cosides have been produced artificially, but they are all resolved 
by boiling with dilute acids into glucose and some other com- 

C id. We shall describe some of the most important of these 

68 . 

JSSsculin, C2iH^Ot3, is a» crystalline fluorescent substance 
obtained from the bark of the horse-chestnut, and other trees of 
the genera ^sculus and Pavia. It has a bitter taste, is slightly 
soluble in water and alcohol, more soluble in the same liquids at 
the boiling heat, nearly insoluble in ether. It is coloured red by 
chlorine. By boiling with hydrochloric or dilute sulphuric acid, 
it is resolved into glucose and a bitter crystalline substance calleil 
sosculetin, 09^^04; 

C21H24O13 + 3H2O = + C0H0O4. 

The a(jueous solution of sesculin is highly fluorescent,* tlie 
reflected light being of a sky-blue colour. Nearly the same 
fluorescent tint is exhibited by an infusion of horse-chestnut bark. 
The colour of the latter is, however, slightly modified by the pre- 
sence of another substance, paviin, which exhibits a hhie-green 
fluorescence; it may be se])arated from sosculin by its greater 
solubilily in ether, ^sculiu and paviiu appear to exist together 
in the barks of all specties of and Paviuy — iesculin being 

more almndant in the former, and j)aviin in the latter. 

Amygdalin, C 2 oIl 27 ^^ii*^H 20 , is a crystalline body existing 
in bit-ter almonds, the leaves of the cherry-laurel {Gerasus Lauro- 
cerasus\ and many other plants which by distillation yield hydro- 
cyanic acid and bitter-almond oil, C7HgO. These compounds do 
not exist ready-forjued in the plants, but are produced by the 
decomposition of amygdalin under the influence of emulsin or 
synaptase, a nitrogenised ferment likewise existing in the plant. 
The decomj>osition is expressed by the equation — 

C^oH^rNOn + 2II2O = eVH^O + CNH + 

To prej)are amygdalin, the paste of bitter-almonds, from which 
the fixed oil lias been expressed, is exhausted with boiling alcohol, 
which coagulates the synaptase, renders it inactive, and dissolves 
out the amygdalin. The alcoholic li(|uid is distilled in a water- 
bath, and the syrupy residue is diluted with water, mixed with a 
little yeast, and set in a warm place to ferment : a portion of 
sugar, present in the almonds, is thus destroyed. The filtered 
liquid is then evaporated to a syrup in a water- bath, and mixed 
with alcohol, which throws down the amygdalin as a white crys- 
talline powder : the latter is collected on a cloth filter, pressc<l, 
redissolved in boiling alcohol, and left to cool. It separates in 

* See Light, p. 72. 
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Sypaptase has never been obtained in a state of ]. irity : it is 
described us a yellowish-white, opaque, brittle mass, very soluble 
in water, and coaguIaWe, like albumin, ))v Iieat, in which case it 
loses its specific ]>roperty. In solution it very soon becomes turbid, 
and pvitrefies. The decomposition of ainygdalin under the influ- 
ence of this body may he exhibited hy dissolving a portion in a 
large quantity of water, and adding a little emulsion of sweet 
almonds; the odour of the volatile oil immediately liecomes appa- 
rent, and the Iki^uor, on distillation, yields hydroi*yanic acid. 

Chitin, C0H15NO6, is the substance which forms the elytra and 
integuments of insects and the carapaces of crustaceans. It is best 
prepared hy boiling the wing-cases of cockchafers with water, 
alcohol, ether, acetic acid, and alkalis in succession, as long as 
anything is dissolved out by each. According t.o Stadeler, it is 
resolveAl by boiling with dilute acids into glucose and lactamide, 
C3H7NO2: 

O^Hi^NOc + 2H2O = + CsHrNO^. 


Gallotannic Acid, the acid contained in the gall- 

nuts of Quercus infectoria and other species of oak, and of certain 
species of sumach, is a glucoside, resolved by the action of acids 
into glucose and gallic acid, C^HgOg ; 


C27H220,r + 4H2O 




It wiU he described in connection with gallic acid. 

Glycyrrhizin, C^j^iHagOg ; Liquorice-sugar. — The root of the 
common liquorice yields a large (quantity of a peculiar sweet sub- 
stance, which is soluble in water, but refuses to crystallise : it 
cannot he made to ferment. Glycyrrhizin forms sparingly soluble 
compounds with acids ; it is precqntated from its solution by lead, 
calcium, and haritmi salts, the precipitate consisting of glycyr- 
rhizin in combination with the base. According to Gorup l^sanez, 
glycyrrhizin when boiled with dilute acids, splits into a resinous 
body called glycyrretin, CigH2o04, and glucose. 

^21^30^9 “I" H 2 O = CjgH 2 (j 04 -|- 
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Myronic Acid, CioH^gNSgOj^, an acid existing as a potassium 
salt in the seed of black mustard, is resolved by the action of 
myrosinj an albuminous ferment likewise contained in the seeds, 
into volatile oil of mustard (allyl s^phocyanate), glucose and 
sulphuric acid : • 

CioHisKNSAo = C3H,CN« + CgHiA + HKSO^. 

Phlorizin, C21H24O10.2H2O. — This is a substance bearing a 
great likeness to salicin, found in the root-bark of the apple and 
cherry-tree, and extracted by boiling alcohol. It forms fine, 
colourless, silky needles, soluble in 1000 parts of cold water, but 
freely dissolved by that liquid when hot: it is likewise easily 
soluble in alcohol. Dilute acids convert phlorizin into glucose 
and a crystallisable sweet substance called phloretin: 

C21H2A0 + H2O == 

Phlorizin, fused with potash, yields pbldretic acid, 
a beautifully crystalline acid, homologous with salicylic and anisic 
acids, together with phloroglucin, C^HgOg. 

duercitrin is a crystallisable yellow colouring matter occurring 
in quercitron bark, the bark of Querms infcctoria, whence it is 
extracted by boiling with water. Its composition has been variously 
stated ; indeed it is by no means certain that tlie so-called querci- 
irins examined by different chemists were really identical sub- 
stances. According to lllasiwetz and Pfaundler it contains 
aiid Is resolved by boiling with dilute acids into 
another yellow crystalline body called quercetin, and isodulcite 
(p. 631 ): 

C33H30O,, + II^O = 

Qaercitrin. Quercetin. Isodulcite. 

Salicin, C^sH.gO^, is a crystallisable bitter substance contained 
in the leaves and young bark of the poj)lar, willow, and several 
other trees. \It may he prepared by exhausting the bark with 
boiling water, 'concentrating the solution to a small bulk, digesting 
the liquid with powdered lead oxide, and then, after freeing the 
solution from l^d by a stream of sulphuretted hydrogen gas, 
evaporating till the salicin crystallises out on cooling. It is 
purified by treatment with animal charcoal and re-crystallisation. 

Salicin forms small, white silky needles, having an intensely 
bitter taste, but no alkaline reaction. It mel ts and decomposes 
by heat, burning with a bright flame, and leaving a residue of 
charcoal. It is soluble in 5 '6 parts of cold water, and in a much 
smaller quantity when boiling not. Oil of vitriol colours it deep 
red. 

When distilled with a mixture of potassium bichromate and 
sulphuric acid, it yields, among other products, a yellow, sweet- 
scented oil, called salicylol, having the comjiosition, C^HgO^, 

2 s 



642 


FATTY GROUP : ALCOHOLS AND ETHEIiS. 


and identical with the volatile oil distilled from the (lowers of the 
Spircpa idmarid^ or common meadow-sweet. 

Salicin, under the influence of the emulsiii or synaptase of 
sweet almonds, is resolved hito glucose and saligenin, : 

GAO7 + hJR = + CyH^Og. 

Saligenin forms colourless, nacreous scales, freely soluble in 
water, alcohol, and ether. It melts at 82 °, and decomposes at a 
higher temperature. Dilute acids at boiling heat convert it into 
saliretin, CyH^O, a resinous substance differing from saligenin 
bjr the elements of water. The same substance is produced 
directly from salicin by boiling with dilute acids. Many oxidising 
agents, as chromic acid and silver oxide, convert saligenin into 
salicjrlol ; even platinum-black produces this effect. Its aqueous 
solution gives a deep indigo-blue colour with feme salts. 

Salicin yields, with chlorine^ substitution-products which are 
decomposed by synaptase in the same manner as salicin itself, 
yielding chlorosaligenin, C7H7CIO2, and dichlorosaligenin, 
CT^HgCLO^. Dilute nitric acid converts salicin into helicin, 
helicoidin, and anilotic acid. With strong nitric acid, at a high 
temperature, nitrosalicylic acid, C7H-(N02)03, is produced. 

Fopulin, CapHggOg, is a substance resembling salicin in appear- 
ance and solubilitj^ but having a penetrating sweet taste. It is 
found accompanying salicin in the bark and leaves of the aspen. 
It has the composition of benzoyl-salicin, Cj3H|7(C;H50)07^, and 
w'hen heate<l with dilute acids is resolved into benzoic acid, and 
the products of decomposition of salicin, namely, saliretin and 
glucose : 

C^,H,,(CrH, 0 ) 0 , + H2O = CVH3O2 + CVHoO + 

With potassium dichromate and sulphuric acid, populin yields a 
considerable quantity of saUcylol. 

Selicin, is a white, crystalline, slightly bitter sub- 

stance, produced oy the action of very dilute nitric acid upon 
salicin : 

c, 3 H,a + o = H2O + C, 3 HiA. 

It is slightly soluble in cold, freely soluble in boiling water, and 
is resolved ]>y the action of synaptase, or of acids or alkalis at the 
boiling heat, into glucose and salicylol ; 

CAO7 + H2O - + CVH3O2. 

Benzohelicinj CgqH^oOg, or Ci3Hi5(C7.H50)07, produced by the 
action of dilute nitric acid on beiizo-salicin, is resolved in like 
manner into benzoic acid, salicylol, and glucose : 

C20H20O8 + 2H2O = CrHfi 2 + C7H0O2 + 
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Solanine is a crystalline base occurring in various plants of the 
solariaceoiis order, especially in the flower-slalks and berries of 
the woody nightshade (Solanum dulcamara)^ and in the shoots or 
germs thrown out by potatoes kept m cellars during winter ; it 
may be extracted from these shoots by water containing a little 
sulphuric acid. It probably contains C^H7 iNOiq, and is resolved 
by boiling with dilute acids into glucose and solanidine, 
C25H41NO, which is also a basic compound crystallising from 
alcohol in long needles : 

C*«H„NOie + 3H2O = + C 2 sH«NO. 

Thujin, C20H20O125 is a glucoside occurring in the green parts of 
the American Arbor Vitae {Thuja occidentalis). It forms shining, 
lemon-yellow, microscopic crystals, having an astringent taste, 
and soluble in alcohol. When heated in alcoholic solution with 
hydrochloric or dilute sulphuric acid, it is resolved into glucose 
and thujetin, C28H28O10 : 

2C2ofl22^12 “b ^^2^ ~ ^^0^12^6 ^"28^28^16 * 

When heated for a short time only with hydrochloric acid, 
it yields also another substance called thujenin, containing 
C28II24O145 oi' fwo molecules of water less than thujetin. Thujin 
dissolves in baryta- water, forming a yellow solution, which when 
heated deposits an orange-yellow precipitate of thujetic acid, 
C>2gH220i3, while glucose remains dissolved: 

2C2oH 22^12 "b ^2^ ~ -|- C28II22O13 • 

All these compounds are crystalline. 

Xanthorhanmin, a crystallisable yellow colouring 

matter obtained from Persian or Turkey berries, the seeds of 
several species of Ehamnusy is resolved by boiling with dilute 
acids, into glucose and rhainnetin, which is also a 

yellow crystalline substance : 

^23^28^14 3 H 2 O = 2C(jHj^2^0 “b ^-^11^10^5 * 

According to some authorities, xanthorhamnin is identical with 
tj[uercitrin, and rhamnetin with quercetin. 

There are a few compounds which, when treated with dilute 
acids, split up similarly to the glucosides, but yield saccharine sub- 
stances dilfering in composition from glucose. Thus pliloretin, as 
already observed, is resolved into phloretic acid and pnloroglucin, 
CQHg03 (p. 641 ), which dilFers from glucose by SHgO. Quercitrin 
yields quercetin and isodulcite, C0H14O8, containing two atoms of 
hydrogen more than glucose; and indican, C20 HjiNOip yields 
indiglucin, CeHioO^, containing two atoms of hydrogen less than 
glucose. 
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Indican is a colourless substance existing in woad {Isatis tine- 
toria), and probably in most other plants which yield indigo-blue. 
It likewise occurs in human urine, both healthy and diseased, and 
when present in considerable quantity, causes the urine, after 
spontaneous fermentation dr addition of acids, to deposit some- 
times indigo-blue, sometimes a brown substance isomeric with it, 
called indirubin. 

Indican is decomposed by dilute acids into indigo-blue (or its 
isomeride, indirubin) and indiglucin : 

C2eH3,NOi, + 2U,0 = CsH.NO -f 

Indican. Indigo- Indiglucin. 

blue. 

In contact with aqueous soda or baryta it is resolved into indi- 
glucin, and a yellow uncrystallisable substance called indicanin : 

C^ 26 ® 3 i^Oir + H2O = CgHioOg + C20H23NO12; 

Indican. Indiglucin. Indicanin. 

and indicanin, by boiling with dilute acids, is further resolved 
into indiglucin and other 2>roducts. 

Indiglucin, is a colourless or light yellow syrilp, 

having a slightly sweet taste, soluble in water and alcohol, but 
precipitated from the alcoholic solution by ether. It is not fer- 
mentable, but turns acid by prolonged contact with yeast. It 
throws down cuprous oxide from an alkaline cupric solution, 
metallic silver from an ainmoniacal solution of the nitrate, and 
gold from the trichloride. With basic or neutral lead ace- 
tate, on addition of ammonia, it foiins a precipitate containing 
C^^HisPV'Oia.SPl/'O. 


POLYGLUCOSIC ALCOHOLS, 

The compounds of this group, including cane-sugar and other 
bodies more or less resembling it, may be regarded as formed by 
the combination uf two or more molecules of ^ucose, with elimin- 
ation of a number of molecules of water, less by one than the 
number of glucose molecules which enter in the combination : 

20011^2^^0 ^12^^22^115 I^iglucosic alcohol. 

— SHgO = ^18^^32^161 Triglucosic alcohol. 

— (71—1)1120 = C6nHl0n+2O5n+l. 

The only known alcohols of this class are diglucosic alcohols, 
C12H22O11; hut starch, cellulose, and other plant-constituents, 
aj)i)ear to be the oxygen-ethers, or anhydrides, of polyglucosic 
alcohols of higher orders. 
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Cane-sugar or Saccharose, — This most useful 

substance is found in the juice of many of the grasses, in the sap 
of several forest trees, in the root of the beet and the mallow, and 
in several other plants. Most sweet fruits contain cane-sugar, 
together with invert sugar (p. 637); some, as walnuts, hazel- 
nuts, almonds, coffee-beans, and St. JohnVbread (the fruit of 
Geratonia siliqua), contain only cane-sugar. Honey and the 
nectars of flowers contain cane-sugar together with invert sugar ; 
the sugar in the nectars of cactuses is almost wholly cane-sugar. 

Sugar is extracted most easily and iii greatest abundance from 
the sugar-cane (Saccliarum officinarum), cultivated for the purpose 
in many tropical countries. The canes are crushed between 
rollers, and the expressed juice is suffered to flow into a large 
vessel, where it is slowly heated nearly to its boiling point, A 
small quantity of slaked lime mixed with water is then ad^d, 
which occasions the separation of a coagulum consisting chiefl^of 
earthy phosphates, waxy matter, a peculiar albuminous principle, 
and mechanical impurities. The clear liquid separated from the 
coagulum is rapidly evaporated in open pans, heated by a strong 
fire made with the crushed canes of the preceding year, which 
have been dried in the sun, and preserved for the purpose. When 
sufficiently concentrated, the syrup is transferred to a shallow 
vessel, and left to crystallise, during which time it is frequently 
digitated in order to hasten the change and hinder the formation 
of large crystals. It is lastly drained from the dark uncrystal- 
lisable syrup, or TnolasseSy and sent into commerce, under the 
name of raw or Muscovado sugar. The refining of this crude 
product is effected by redissolving it in water, adding a quantity 
of albumin in the shape of serum of blood or white of egg, and 
sometimes a little lime-water, and heating the whole to the boil- 
ing point : the albumin coagulates, and forms a kind of net work 
of fibres, wliich enclose and separate from the liquid all mechani- 
cally suspended imj)urities. The solution is decolorised by 
filtration through animal charcoal, evaporated to the crystallising 
point, and put into conical earthen moulds, where it solidifies, 
after some time, to a confusedly crystalline mass, which is drained, 
washed with a little clean syrup, and dried in a stove : the product 
is ordinary loaf-sugar. When the crystallisation is allowed to 
take place quietly and slowly, sugar-candy results, the crystals 
under these circumstances acquiring large volume and regular 
form. The evaporation of the decolorised syrup is best conducted 
in strong close boilers exhausted of air ; the boiling point of the 
syrup is reduced in consequence from 110° C. (230° F.) to 65*5° C. 
(160° F.), or below, and the injurious action of the heat upon the 
sugar is in great measure prevented. Indeed, the production of 
molasses in the rude colonial manufacture is chiefly the result of 
the high and long-continued heat applied to the cane-juice, and 
might be almost entirely prevented by the use of vacuum-pans, 
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the product of sugar being thereby greatly increased in quantity, 
and so far improved in quality as to become almost equal to tfie 
refined article. 

In many parts of the continent of Europe, sugar is manufactured 
on a large scale from beet-root, which contains about 8 per cent, 
of that substance. The process is far more complicated and 
troublesome than that just described, and the raw product much 
inferior. When refined, however, it is scarcely to be distinguished 
from the preceding. The inliabitants of the Western States of 
America prepare sugar in considerable quantity from the sap of 
the sugar maple, Acer saccharimim^ which is common in those 
parts. The tree is tapped in the spring by boring a hole a little 
way into the wood, and inserting a small lyDout to convey the 
liquid into a vessel placed for its reception. This is boiled down 
iman iron pot, and furnishes a coarse sugar, which is almost 
wirolly employed for domestic purposes, but little finding its way 
into commerce. 

Pure sugar slowly separates from a strong soluticm in large, 
transparent, colourless crystals, having the figure of a modified 
mouocVmic prism. The crj^^sials have a specific gravity of 1*6, and 
are unchangeable in the air. Sugar has a pure, sweet taste, is 
very soluble in water, requiring for solution only one-third of its 
weight in the cold, and is also dissolved by alcohol, but less 
easily. When modemiely heated it melts, and solidifies on cool- 
ing to a glassy amor])hous mass, familiar as barley-sv^ar. 

1. Cane-sugar, heated a little above 160°, is converted, without 
loss of weight, into a mixture of dextrogliicose and levolusaii 
(p. 636). 

C12H22OU = CeHiaOo + CeHioO^. 

At a higher temperature, water is given off, the dextrogliicose 
being probably converted into glucosan (p. 635) : afterwards, at 
about 210°, more water goes off, and a brown substance called 
caramel remains, consisting of a mixture of several compounds, 
all formed from sugar by elimination of water. At a still higher 
temperature, an inflammable gaseous mixture is given off, con- 
vsisting of carbon monoxide, marsh-gas, and carbon dioxide ; a dis- 
tillate is obtained, consisting of brown oils, acetic acid, acetone, 
and aldeliyde ; and a considerable quantity of charcoal remains 
behind. The brown oils contain a small quantity of furfurol, 
and a bitter substance called assamar. 

2. By prolonged boiling with water ^ cane-sugar is converted 
into invert sugar. This transformation is accelerated by the 
presence of acids, and apparently also of certain salts. Dif- 
ferent acids act with various degrees of rapidity — mineral more 
quickly than organic acids, sulphuric acid most quickly of all. 
vVTien sugar is boiled even with very dilute acids, especially if the 
boiling be long continued, a number of brown amorpnous jiroducts 
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are formed, called ulmin, ulmic acid,* &c. ; if the air has 
access to the liquid, formic acid is likewise produced. Concen- 
trated hydrochloric acid decomposes sugar very quickly. 

Strong sulphuric acid decomposes dry sugar when heated, and a 
concentmted solution, even at ordinary temperatures, with copious 
evolution of sulphurous oxide, and formation of a large quantity 
of black carbonaceous matter. By this reaction cane-sugar may 
be distinguished from glucose. 

3. Cane-sugar is very easily oxidised. It reduces silver and 
mercury salts when heated with them, and precipitates gold from 
the chloride. Pure cupric hydrate is but slowly reduced by it, 
even at the boiling heat ; in presence of alkali, however, a blue 
solution is formed, and on boiling the li<iuid, cuprous oxide is 
slowly precipitated (p. 635). Cane-sugar takes fire when triturated 
with 8 parts of lead dioxide, and forms with potassium chlorate a 
mixture which detonates on percussion, and burns vividly whin 
a drop of oil of vitriol is let fall upon it. Distilled with a mix- 
ture of sulphuric acid and manganese dioxide, it yields formic 
acid. Hc^atod wdth dilute nitric acid, it yields saccharic and 
oxalic acids. 1 part sugar mixed with 3 parts nitric acid, of 
specific gravity 1*25 to 1*30, and heated to 50°, is wholly converted 
into saccharic acid : 

“h Oq = 2CeTTiQOy -f- H 2 O . 

At the boiling beat, the product consists chiefiy of oxalic acid. 
Very strong nitric acid, or a mixture of strong nitric and sul- 
phuric acids, converts sugar into nitro saccharose; probably 
^ 12 ^ 18 (^^ 2 ) 4011 . Sugar is likewise oxidised by chloride of lime, 
Init the j)rodiicts have not been examined. 

4. Cane-sugar does not turn browm when triturated with alkalis, 
a character by which it is distinguished from glucose : it combines 
with them, how^ever, forming compounds called sucrates. By 
boiling witli potash-ley it is decomposed, but much more slowly 
than the glucoses. 

Potassium- and Hodium-compounds of cane-sugar, C 12 H 21 KO 11 and 
CigllgiNaOn, are formed, as gelatinous precipitates, on mixing an 
alcoholic solution of cane-sugar with j^otash or soda-ley. 

A barium-compound^ Ci 2 ll 2 oBa" 0 |i . HgO, or C 21 H 22 O 11 . Ba"0, is 
obtained, as a ciystalline precipitate, on adding hydrate or sul- 

* Under the names ulmin and ulmic acid have been confounded a number 
of brown or black uncrystallisable substances produced by the action of 
powerful chemical agents upon sugar, lignin, &c., or generated by the 
putrefactive decay of vegetable fibre. Common garden mouM, for example, 
treated with dilute, boiling solution of caustic potassa, yields a deep-brown 
solution, from which acids precipitate a flocculent, brown substance, having 
but a slight degree of solubility in water. This is generally called vlmic or 
humic acid, and its origin is ascribed to the reaction of the alkali on the ulmin 
or humus of the soil. It is known that these bodies differ exceedingly in 
composition : they are too indefinite to admit of ready investigation. 
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phicle of barium to an aqueous solution of sugar. It may be 
crystallised from boiling water, but is insoluble in alcohol. 

Calcium, compounds . — Lime dissolves in sugar-water much moie 
rapidly than in pure water. The solution has a bitter taste, and 
is completely but slowly precipitated by carbonic acid. There 
are three or ibur of these compounds, which may be approximately 
represented by the following formulae : 


1. CiaHjBOu.Ca^O. 

2. 2Cfi2Hij20„ . 3Ca^O (?) 


3. aoH. 

4. C, 


,.i.2Ca"0.2H.0, 


Magnesia and lead oxide are also dissolved by sugar-water. A 
crystalline lead-compound, C|«H,gPb"20ij, is precipitated on mix 
ing sugar- water with neutral lead-acetate and ammonia. 

Sugar also forms ciystalline compounds with sodium chloride. 

Cane-sugar is not directly fermentable, but when its dilute 
aqueous solution is mixed with yeast, and exposed to a warm 
atmosphere^ it is first resolved into a mixture of dextrose and 
levulose (p. 636), which then enter into fermentation, yielding 
alcohol and carbon dioxide. 

ParasaccharQfie, CjgHg^Ojj. — This is an isomeride of cane- 
sugar, produced, according to Jodin,* by spontaneous fennentatioii. 
An aqueous solution of cane-sugar containing ammonium phos- 
phate left to itself for three months in summer, yielded, under 
circumstances not further specified, a crystal! isuble sugar, isomeric 
with saccharose, together with an ainorj)hous sugar having the 
composition of a glucose, both dextro-rotatory. Parasaccharose is 
very soluble in water, nearly insoluble in alcohol of 90 per cent 
Its specific rotatory power at 10° == -f- 108°, appearing to increase 
a little with rise of temperature. It does not melt at 100°, but 
becomes coloured, and appears to decompose. It reduces an 
alkaline cupric solution, but only half as strongly as dextro- 
glucose. It is not perceptibly altered by dilute sulphuric acid, 
even at 100° ; hydrochloric acid weakens its rotatory power, turns 
the solution brown, and heightens its reducing power for cupric 
oxide. 

Melitose, C.2H220ij. — A kind of sugar obtained from the 
manna which falls in opaque drops from various species of 
Eucalyptus growing in Tasmania. It is extracted by water, and 
crystallises in extremely thin interlaced needles, having a slightly 
saccharine taste. 

The crystals of melitose are hydrated, containing CJ2H22O11.3H3O. 
They give off* 2 molecules of water at 100°, and become anhydrous 
at 130°. They dissolve in 9 parts of cold water, very easily in 
boiling water, and dissolve also in boiling alcohol more freely 
than mannite. The alcoholic solution yields small but well- 


* Coinptes Rendus, liii. 1252 ; liv. 720. 
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developed crystals. ^ The aqueous solution turns the plane of 
polarisation to the right: for the transition tint [et] = + 102^. 

Melitose, heated with dilute sulphuric acid, is resolved into a 
fermentable sugar (probably dextroglucose), and non-fennentable 
eucalyn (p. 638), Melitose ferments in contact with yeast, hwt is^ 
resolved, in the first instance, into glucose and eucalyn. It does* 
not reduce an alkaline cupric solution, and is not altered by boil- 
ing with dilute alkalis or with baryta water. It is oxidised by 
nitric acid, yielding a certain quantity of mucic acid, together with 
a large quantity of oxalic acid. 

Melezitose^ — This variety of sugar is found in the 

so-called manna of Brian§on, which exudes from the yoimg shoots 
of the larch {Larix europma). The manna is exhausted with 
alcohol, which, when evaporated, yields melezitose in very small, 
hard, shining, efflorescent crystals, which give off 4 per cent, of 
water when heated, melt below 140° without further alteration, 
forming a liquid which solidifies to a glass on cooling. Melezitose 
is dextro-rotatory ; [a] = -|- 94T°, It dissolves easily in water, is 
nearly insoluble in cold, slightly soluble in boiling alcohol. 

Melezitose decomposes at about 200°. It is carbonised by cold 
strong sulphuric acid, quickly turns brown with boiling hydro- 
chloric acid, and forms oxalic acid with nitric acid. By an hour’s 
boiling with dilute sulphuric acid, it is converted into glucose. 
In contact with yeast, it passes slowly, or sometimes not at all, 
into vinous fermentation. It is not altered at 100° by aqueous 
alkalis, and scarcely by potassio-cupric tartrate. 

Trehalose, Cj2H220ii,2Ho0, is obtained from Treliala manna^ 
the produce of a species of fichinops growing in the East, by ex- 
traction with boiling alcohol. It forms shining rhombic crystals, 
containing 0 ^ 0^22011 • 2 H 2 O, which melt when quickly heated to 
109° ; but if dowly neated give off their water even below 100°, 
It has a strongly saccharine taste, dissolves easily in water and in 
boiling alcohol, but is insoluble in ether. The aqueous solution 
is dextro-rotatory ; [<Jt] = + 199°. 

By several hours’ boiling with dilute sulphuric acid, it is con- 
verted into dextroglucose. With strong nitric acid it forms a 
detonating nitro-coinpound ; heated with dilute nitric acid it 
yields oxalic acid. In contact with yeast it passes slowly and 
imperfectly into alcoholic fermentation. It is not altered by bod- 
ing with alkalis, and does not reduce cuprous oxide from alkaline 
cupric solutions. Heated with acetic or butyric acid, it yields 
compounds not distinguishable from those wnich are formed in 
like manner from dextroglucose (p. 636). 

Mycose, is a kind of sugar very much like 

trehalose, obtained from ergot of rye by precipitating the aqueous 
extract of the fungus with basic lead acetate, removing the lead 
from the filtrate by sulphydric acid, evaporating to a syrup, and 
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leaving the liquid to crystallise. It differs from trehalose only in 
possessDig a somewhat feebler rotatory power ; [cc] = + 192*5^, 
and in hot being completely dehydrated at 100®. 


Milk-sugar, liactin, or Lactose, — This kind 

of sugar is an im2>ortant constituent ot milk : it is obtained in 
large quantities by evaporating whey to a syrupy state, and purify- 
ing the lactose, which slowly crystallises out, with animal charcoal. 
It forms white, translucent, four-sided, trimetric prisms, of great 
hardness. It is slow and difficult of solution in cold water, 
requiring for that purpose 5 or 6 times its weight ; it has a faint, 
sweet taste, and in the solid state feels gritty between the teeth. 
When heated, it loses water, and at a high temperature blackens 
and decomposes. Milk-sugar combines with bases, forming com- 
pounds which have an alkaline reaction, and are easily decom- 
posed. Dilute acids convert it into galactose (p. 637.) 

Milk-sugar, when distilled with oxidising mixtures, such as 
sulphuric acid and manganese dioxide, yields formic acid. With 
nitric acid, it forms niucic, saccharic, tartaric, and a small 


quantity of racemic acid, and finally oxalic acid. Veiy strong 
nitric acid, or a mixture of nitric and sulphuric acids, converts 
milk-sugar into a crystalline substitution-product called nitro- 
lactin. 


Milk-sugar is not brought immediately by yeast into the state 
of alcoholic fermentation ; but when it is leit for some time in 
contact with yeast, fermentation gradually sets in. When cheese 
or gluten is used as the ferment, the milk-sugar is converted into 
lactic acid. Alcohol is, however, always formed at the same time, 
especially if no chalk is added to neutralise the acid as it forms ; 
the quantity of alcohol formed is greater also as the solution is 
more dilute. 


Gum. — Gum-arahic, which is the produce of several species of 
acacia, may be taken as the most perfect type of this class of 
bodies. In its purest and finest condition, it forms white or 
slightly yellowish irregular masses, which are destitute of crystal- 
line structure, and break with a smooth conchoidal fracture. It 
is soluble in cold water, forming a viscid, adhesive, tasteless solu- 
tion, from which the imre soluble gummy principle, or arabin, is 
precipitated by alcohol, and by basic lead acetate, but not by the 
neutral acetate. Arabin is composed of Ci2H220^i, and is conse- 
quently isomeric with cane-sugar. 

Mucilage, so abundant in linseed, in the roots of the mallow, in 
salep, the fleshy root of Orchis niascula, and in other plants, differs 
in some respects from gum-arabic, although it agrees in the pro- 
perty of dissolving in cold water. The solution is less trans- 
parent than that of gum, and is precipitated by neutral lead 
acetate. Gum-tragacanth is chiefly composed of a kind of mucilage 
to wliich the name hassorin has been given ; it refuses to dissolve 
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in wat.er, merely softening uad assuming a gelatinous aspect. It 
is dissolved by caustic alkali. Gerasin is the insoluble portion of 
the gum of the cherry-tree ; it resembles bassorin. The composi- 
tion of these various substances has been carefully examined by 
Schmidt, who finds that it closely agrees with that of starch. 
Mucilage invariably contains hydrogen and oxygen in the propor- 
tion in which they form water, and when treated with acids, yields 
glucose. 

Pectin^ or the jelly of fruits, is, in its physical properlies, closely 
allied to the foregoing bodies. It may ])e extracted from various 
vegetable juices by precipitation with alcohol. It forms when 
moist a transparent jelly, which is soluble in water, tasteless, and 
dries up to a translucent mass. It is to this substance that, the 
firm consistence of currant and other fruit-jellies is ascribed. Ac- 
cording to Freniy, the composition of pectin is 03^1140032. By 
ebullition wit,h water and with dilut e acids it. is changed into two 
isomeric modifications, called and mdapectin. In con- 

tact with bases, these three substances are converted into 'pectic 
acdd, (?), which closely resembles pecitin, except that it 

possesses iWe acid properties, and is in.soluble in Avater. By 
long boiling with caustic alkali, a further cdiange is produced, and 
metapectic acidy C24H32O27 (?), is formed, wdiich does not gelatinise. 
The metallic ■[)ectatc 4 and inet apeciutes are un crystal Usable. 
Much doubt still exists reS2)ectiiig the comjiosition of the various 
bodies of the pectin grouj); but from the anafyses hitherto made, 
they do not appear to contain hydrogen and oxygen in the })rf)jior- 
tion to form water, and therefore scarcely belong to the sugar and 
starch grouj>. 


OXYGEN-ETHERS OR ANHYDRIDES OE THE POLY- 
GLUCOSIC ALCOHOLS. 

These compounds, which are important constituents of the 
A^egetable organism, may be derived from glucose and the poly- 
glucosic alcohols by abstraction of a molecule of water; 


CgHjgOg 

Glucose. 

H ,0 

— C^HjoO^ , 


^12^22^11 

Diglucosic 

alcohol. 

HaO 

= C42H20O4Q, 

or 2 CqH4qO^, 

^ 18 ^ 32^10 

TriKlucosic 

H^O 

=;= CigH 30 O 45 , 

or SCglljQOg, 


alcoliol. 

C6nHl0n+2O5n+l — HgO = CcnHlOnOsn, ornCgHjoGj . 
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All these bodies are therefore isomeric or polymeric one with 
the other. Their compounds with mehillic oxides, &c., have not 
been sufficiently investigated to fix their exact molecular weight, 
or to determine in each case the value of n ; but from the mode of 
conversion of starch into glucose, and the constitution of certain 
substitution-products obtained by the action of nitric acid on 
cellulose, it appears most probable that in these bodies w = 3. 

Starch, probably C18H3QO15, also called Fecula and 

Amidine . — This is one of the most important and widely diffused 
of the vegetoble proximate principles, being found to a greater or 
less extent in every plant. It is most abundant in certain roots 
and tubers, and in soft stems: seeds often contain it in large 
q^uantity. From these sources the starch can be obtained by rasp- 
ing or grinding the vegetable structures to pulp, and washing the 
mass upon a sieve, by which the torn fcellular tissue is retained, 
while the starch passes through with the liquid, and eventually 
settles down from the latter as a soft, white, insoluble powder, 
which may be washed with cold water, and dried at a very gentle 
heat. Potatoes treated in this manner yield a large proj)ortion of 
starch. Starch from grain may be prepared in the same manner, 
by mixing the meal with water to a paste, and washing the mass 
upon a sieve : a nearly white, insoluble substance called gluten is 
then left, containing a large proportion of nitrogen. The gluten 
of wheat-flour is extremely tenacious and elastic. The value of 
meal as an article of food greatly depends upon this substance. 

Starch from grain is commonly manu- 
factured on the large scale by steeping 
the material in water for a considerable 
time, when the lactic acid, always de- 
veloped undSb such circumstances from 
the sugar of the seed, disintegrates, and 
in part dissolves the azotised nmtter, 
thereby greatly facilitating the mechani- 
cal separation of that which remains. A 
still more easy and successful process has 
lately been introduced, in which a very 
dilute solution of caustic soda, contain- 
ing about 200 grains of alkali to a 
gallon of' liquid, is employed with the 
same view. Excellent starch is thus 
prepared from rice. Starch is insoluble 
in cold water, as indeed its mode of 
preparation sufficiently shows : it is 
equally insoluble in alcohol and other liquids, which do not effect 
its decomposition. To the naked eye it presents the appearance 
of a soft, white, and often glistening powder : under the micro- 
scope it is seen to be altogether destitute of crystalline structure, 
but to possess, on the contrary, a kind of organisation, being made 


Fig. 161. 
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up of inullituiles of little rounded transparent bodies, upon each 
of which a series of depressed parallel rings, surrounding a central 
spot or liilum, may often be traced. The starch-gi'auules from 
different plants vary both in magnitude and form ; those from the 
Ganna coccinea^ or tons les moisj and potato being largest ; and 
those from wheat, and the cereals in general, very much smaller. 
Figure 161 will serve to convey an idea of the. appearance of the 
granules of potato-starch, highly magnified. 

When a mixture of starch and water is heated to near the 
boiling-point of the latter, the granules, burst and disappear, pro- 
ducing, if the proportion of starch is considerable, a thick gela- 
tinous mass, very slightlv opalescent, from the shreds of fine 
membrane, the envelope of each separate granule. By the addition 
of a large (]juantity of water, this gelatinous starch, or amidiiij may 
be so far diluted a^ to pass in great measure through filter-paper. 
It is very doubtful, however, how far the substance itself is really 
soluble in water, at least when cold ; it is more likely to be merely 
suspended in the liquid in the form of a swollen, transparent, and 
insoluble jelly, of extreme tenuity. Gelatinous starch, exposed in 
a thin layer to a dry atmosphere, becomes converted into a yellow- 
ish, horny substance, like gum, which, when put into water, again 
softens and swells. 

Thin gelatinous starch is precij>ituted by many of the metallic 
oxides, as lime, baryta, and lead oxi<le ; also by a large addition of 
alcohol. Infusion of galls throws down a copious yellowish pre- 
cipitate containing tannic acid, which re-dissolves when the solu- 
tion is heated. By far the most characteristic reaction, however, 
is that with free iodine^ which forms with starch a deep indigo-blue 
compound, which appears to dissolve in pure water, although it is 
insoluble in solutions cont^ning free acid or saline matter. Tlie 
blue liquid has its colour destroyed by heat, temporarily if the 
heat be quickly withdrawn, and permanently if the boiling be 
long continued, in which case the conn)ound is decomposed, and 
the iodine volatilised. Dry starch, put into iodine- water, acquires 
a purplish-black colour. 

The unaltered and the gelatinous starch, in a dried state, have 
the same empirical formula, A compound of starch and 

lead oxide was found to contain, when dried at 100°, CqH^qO^. PbO, 

^18^^30^16 • 

Dextrin.^ — When gelatinous starch is boiled with a small 
quantity of dilute sulphuric, hydrochloric, or, indeed, almost any 
acid, it speedily loses its consistency, and becomes thin and limpid, 
from having suffered conversion into a soluble gum-like substance, 
called dextrin, on account of its dextro-rotafcory action on polarised 
light. The experiment is most conveniently made with sulphuric 
acid, which may be afterwards withdi-awu by saturation with 
chalk..j. The liquid filtered from the nearly insoluble gypsum may 
then be evaporated to dryness on a water-bath. The result is a 
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gum-like mass, destitute of crystalline structure, soluble in cold 
water, precipiteble from its solution by alcoliol, and capable of 
combining with lead oxide. 

When the ebullition with the dilute acid is continued for a 
considerable time, the dextrin first foimed undergoes a further 
change, and becomes converted into dextro-glucose, which can be 
thus artificially produced with the ^eatest facility. The length 
of time required for this remarkable change depends upon the 
quantity of acid present ; if the latter be very small, it is neces- 
sary to continue the boiling many successive hours, replacing 
the water which evaporates. With a larger proportion of acid, 
the conversion is much more speedy, A mixture of 15 parts 
of potato-starch, 60 parts water, and 6 parts sulphunc acid, may 
be kept boiling for about four hours, the liquid neutralised 
with chalk, filtered, and rapidly evaporated t(f a small bulk. By 
digestion with animal charcoal and a second filtration, much of 
the colour will be removed, after which the solution may be 
boiled down to a thin syrup, and left to crystallise : in the comse 
of a few days it solidifies to a mass of glucose. There is 
another method of preparing this substance from starch which 
deserves particular notice. Germinating seeds, and buds in the 
act of development, are found to contain a small quantity of a 
peculiar azotised substance, called diastase, formed at this par- 
ticular period from the gluten of vegetable albuminous matter. 
This substance possesses the same curious property of effecting the 
conversion of starch into dextrin and glucose, and at a much lower 
temperature than that of ebullition. When a little infusion of 
malt, or germinated barley, in tepid water, is mixed with a large 
quantity of thick gelatinous starch, and the whole maintained at 
about 71°, ct)mplete liquefaction takesiKplace in the space of a few 
minutes, from the production of dextrin and glucose. If a gi*eater 
degree of heat be employed, the diastase is coagulated and ren- 
dered insoluble and inactive. Very little is known respecting 
diastase itself ; it seems very much to resemble vegetable albumin, 
but has never been obtained in a shite of purity. 

The change of starch or dextrin into sugar, whether produced 
by the action of dilute acid or by diastase, takes place quite inde- 
pendently of the oxygen of the air, and is unaccom 2 >anied by any 
secondary luoduct. The acid takes no direct part in the reaction ; 
it may, if not volatile, be all withdrawn without loss after the 
experiment. The whole reaction lies between the starch and the 
elements of water, a fixation of the latter occurring in the new 
juoduct, as will be seen on comparing the composition of starch 
and glucose. Dextrin itself has exactly the same composition as 
^the original starch. 

It was formerly supposed that, in the action of acids or of 
diastase ui>on starch, the starch is first converted into dext^n by 
a mere alteration of physical structure, and that the dextrin then 
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takes up the elements of water, and is converted into glucose, this 
second stage of the process occupying a much longer time than 
tlip first; out from recent experiments hy Musculus* it appears 
that both dextrin and glucose are produced at the very commence- 
ment of the reaction, and always in the proi)orlion of 1 molecule 
of glucose to 2 molecules of dextrin : whence it may be inferred 
that the molecule of starch contains CigHgoOig, and that it is 
resolved into glucose and dextrin by taking up a molecule of 
water : 

^18^30^16 ~ ^-^6^12^0 “I" ^CgHj^Og 

Starch. Glucose. Dextrin, 

When the conversion is effected by a dilute acid, the dextrin is, 
after several hours^ boiling, comi>letely converted into glucose, 
which is therefore the sole ultimate product of the reaction. But 
when diastase is used as the converting agent, the jiroduction of 
glucose (or maltose, p. 636) goes on only so long as there is any 
unaltered starch still present, the dextrin undergoing no further 
alteration. # 

Dextrin is used in the arts as a sul)stitute for gum ; it is some- 
times made in the manner above described, but more frequently 
by heating dry potato-starch to 400°, by which it acquires a yellow- 
ish tint and becomes soluble in cold water. It is sold in this state 
under the name of British Gum. 

Starch is an important article of food, especially when asso- 
ciated, as in ordinary meal, with albuminous substances. Arrow- 
root, and the fecula of the Canim coccineay are very pure varieties, 
eipployed as articles of diet; arrowroot is obtained from the 
Maranta arundinaceay cultivated in the West Indies; it is with 
difficulty distinguished from i)otato-starch. — Tapioca is prepared 
from the root of the Jatropha Manihoty being thoroughly purified 
from its poisonous juice. — Cassava is the same substance modified 
while moist by heat. — Sago is made from the soft central portion 
of the stem of a palm; and salep from the fleshy root of the 
Orchis mascula. 

Starch from Iceland Moss. — The lichen called Cetraria 
Islandicay purified by a little cold solution of potash from a bitter 
principle, yields, when boiled in water, a slimy and nearly colour- 
less liquid, which gelatinises on cooling, and dries up to a yellow- 
ish amorphous mass, which does not dissolve in cold water, but 
merely softens and swells. A solution of this subsUince in warm 
water is not affected by iodine, although the jelly is rendered blue. 
It is precipitated by alcohol, lead acetate, and infusion of galls, 
and is conv^ted into glucose by boiling with dilute sulphuric 
acid. According to Mulder, it contains The jelly from 

certain algccy as that of Ceylon, and the so-called Carragheen mossf, 
closely resemble the above. 

♦ Coniptes Rendus, 1. 785 ; liv. 194 ; Ann. Ch. Phys. [3], lx, 208 ; [4], 
vj. 177. 
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Inulin. — This substance, which differs from common starch in 
some important particulars, is found in the root of Inula Helenium^ 
Helianthus tuberosus^ Dahlia^ and several other plants : it may be 
easily obtained by washing the rasped root on a sieve, and allow- 
ing the inulin to settle down from the liquid ; or by cutting the 
root into thin slices, boiling these in water, and filtering while 
hot; the inulin separates as the solution cools. It is a white, 
amorphous, tasteless substance, nearlv insoluble in cold water, but 
freely dissolved by the aid of heat ; tne solution is precipitated by 
alcohol, but not by acetate of lead or infusion of galls. Iodine 
colours it brown. Inulin has the same percentage composition as 
common starch. By boiling with dilute acids, it is completely 
converted into levulose (p. 636). 

Cellulose, probably CigH 3 QOi 5 ; also called Lignin. 

— This substance constitutes the fundamental material of the 
structure of plants : it is employed in the organisation of cells and 
vessels of all kinds, and forms a large proportion of the solid 
parts of every vegetable. It must not be confounded with ligneous 
or woody tissue^ 'vraich is in reality cellulose with other substances 
superadded, encrusting the walls of the original membranous cells, 
and conferring stiffness and inflexibility. Thus woody tissue, 
even when freed as much as j)o’ssible from colouring matter and 
resin by repeated boiling with water and alcohol, yields, on 
analysis, a result indicating an excess of hydrogen above that 
required to form water with the oxygen, besides traces of nitrogen. 
Pure cellulose, on the other hand, has the same percentage com- 
position as starch. 

The properties of cellulose may be conveniently studied in fine 
linen and cotton, which are almost entirely composed of it, 
the associated vegetable princif>les having been removed or 
destroyed by the variety of treatment to which the fibre has 
been subjected. Pure cellulose is tasteless, insoluble in water 
and alcohol, and absolutely innutritious : it is not sensibly 
affected by boiling water, unless it happens to have been derived 
from a soft or imperfectly developed j)ortion of the plant, in which 
case it is disintegrated and rendered pulpy. Dilute acids and 
alkalis exert but little action on cellulose, even at a boiling tempera- 
ture ; strong oil of vitriol converts it, in the cold, into a nearly 
colourless, adhesive substance, which dissolves in water, and pre- 
sents the characters of dextrin. This curious and interesting 
experiment may be conveniently made by very slowly adding 
concentrated sulphuric acid to half its weight of lint, or linen cut 
into small shreds, taking care to avoid any rise of temperature, 
which would be attended with charring or blackening. The 
^ifinoixing is completed by trituration in a mortar, and the whole left 
to staiwi a few hours; after which it is rubbed up with water, 
warmed, and filtered from a little insoluble matter. The solution 
may then be neutralised with chalk, and again filtered. The 
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guiuiiijr liquid retains Ijnie, partly in the state of sulphate, and 
partly in combination with sulpholignic acid, an acid composed of 
the elements of sulphuric acid in union with those of cellulose. 
If the liquid, previous to neutralisation, be boiled during three or 
four hours, and the water replaced as it evaporates, the dextrin 
becomes entirely changed to glucose. Linen rags may, by these 
means, be made to furnish more than their own weight of that 
substance. If a piece of unsized mper be dip^d for a f^w* seconds 
into a mixture t of 2 volumes of concentrated sulphuidc acid and 
1 volume of water, apd then thoroughly washed with water and 
dilute ammonia, a substance is obtained which resembles parch- 
ment, and has the same composition as cellulose; it occurs in 
commeme under the name of parchment paper (papynn). An 
excellent application of this substance, in dimision experiments is 
mentioned on page 140. 

Cellulose dissolves in an ammoniacal solution of cupric oxide 
(prepared by dissolving basic cupric carbonate in strong ammonia), 
from which it is precipitated by acids in colourless flakes. 

Cellulose is not colom^ed by iodine. 

Xyloidin and Pyroxylin. — ^When starch is mixed with nitric 
acid of specific gravity 1\5, it is converted, without disengagement 
of gas, into a transparent, colourless jelly, which, when put into 
water, yields a white, curdy, insoluble substance : this is xylotdin. 
When dry, it is white and tasteless, insoluble even in boiling 
water, but freely dissolved by dilute nitric acid, and the solution 
yields oxalic acid when boiled. Other substances belonging to the 
same class also yield xyloidin; paper dij>ped into the strongest 
nitric acid, quickly plunged into water, and afterwards dried, 
becomes in great part so changed: itmssumes the appearance of 
parchment, and becomes highly combustible. 

If pure finely divided ligneous matter, as cotton-wool, be steeped 
for a few minutes into a mixture of nitric acid of sp. gr. 1 *5 and 
concentrated sulphuric acid, then squeezed, thoroughly washed, 
and dried by very gentle heat, it will be found to have increased* 
in weight about 70 per cent., and to have become highly explosive, 
taking fire at a temperature not much above 149° C. (300° F,), 
and burning without smoke or residue. This is pyroxylin^ the 
yun-cotton oi Schdnbein. 

Xyloidin and i)yroxylin are substitution-products consisting of 
starch and cellulose in which the hydrogen is more or less 
replaced by nitryl, NOg. Xyloidin consists of CgH 9 (N 02 ) 05 , or 
CigHgyfN 02 ) 3015 . Of pyroxylin several varieties are known, dis- 
tinguished by .their different degrees of stability and solubility in 
alcohol, ether, and other liquids. According to Hadow,* the 
three principal varieties are ; — - ^ 

* Chem. Soc. Journal, vii. 201. — A series of elaborate and \^Iuable 
researches on gun-cotton has recently been published by Abel (Proceed. 
Royal Soc.) xv. 182; Chem. Soc. Journ. [2], xv. 810. 

2 T 
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u. — Ci8Hoi(N02)o 0«, or insoluble in a mixture 

of etber andalcohol, but soluble m ethylic acetate. It is produced 
by repeated immersion of cotton-wool in a mixture of 2 molecules 
01 nitric acid, HNOg, 2 molecules of oil of vitriol, H2SO4, and 
3 molecules of water. 

/ 3 . — OigHggCN 02)3015, soluble in ether-alcobol, insoluble in glacial 
acetic acid. Produced when the acid mixture contains half a 
molecule more water than in ot. 

y. — C i 8H23(N 02)70^5 (Gladstone’s cotton-xylouihi), soluble in 
ether and in glacial acetic acid. Produced when ii e acid mixture 
contains one molecule more water than in 

The fii'st of these, which consists of trinitrocellulose^ is the most 
explosive of the three, and the least liable to spontaneous decom- 
position. It is the only one adapted for use as an explosive agent, 
and is es]>ecially distinguished as gun-cotton.” From the experi- 
ments of General von Lenk, of the Austrian service, it appears 
that to insure the uniform jJroduction of this particular compound 
the following precautions are necessary : — 

1. The cleansing and perfect desiccation of the cotton previously 
to its immersion in the mixed acids. 2. The employment of the 
strongest acids procurable in commerce. 3 . The sleeping of the 
cotton in a fresh strong mixtui*e of acids after the first immersion 
and partial conversion into gun-cotton. 4 . The continuance of 
the steeping for forty-eight hours. 5 . The thorough ])urification 
of the gun-cotton thus x>roduced from every trace of free acid, by 
washing the product in a stream of water for several weeks ; sub- 
sequently a weak solution of potash may be used, but this is not 
essential. 

The solution of the less ^highly nitrated compounds in alcohol 
and ether is called collodion. This solution, when left to 
evaporate, dries up quickly to a thin, transparent, adhesive mem- 
brane : it is employed with great advantage in surgery as an air- 
tight covering for wounds and bums. It is also largely used in 
l)hotograpby (p. 80 ), 

Glycogen, tiCqU^qO^^ was obtained by Bemanl from the livei* 
of several animals (calf or pig) by exhaustion with water and pre- 
cipitating with boiling alcohol. The precipitate is purified by 
boiling with dilute potash, repeatedly dissolving in strong acetic 
acid, and precipitating by alcohol. Glycogen also enters largely 
into the composition of most of the tissues of the embryo. The 
muscles of foetal calves of three to seven months have been found 
to yield fiom 20 to 50 per cent, of it. 

Glycogen is a white, amorphous, starch-like substance, without 
odour or taste, yielding an opalescent solution with water, hut 
insoluble in alcohol. It does not reduce an alkaline solution of 
copper. This substance does not ferment with yeast, but is con- 
verted into glucose by boiling with dilute acids, or by contact with 
diastase, pancreatic juice, saliva, or blood. 
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OnaANIO ACIDS. 

Organic Acids, or carbon acids, are derived, as we have several 
times had occasion to observe, from alcohols, by the substitution of 
oxygen for an equivalent q^uantity of hydrogen (O for Hg) ; in fact 
they are often produced directly from alcohols by the action of 
oxidising agents. Now the formula of an alcohol is derived from 
that of a hydrocarbon by substitution of one or more ecjuivalents 
of hydroxyl (OH) for an equal number of hydrogen-atoms, the 
number of such substitutions determining the atomicity of the 
alcohol (p. 562), that is to say, the number of its hydrogen-atoms 
that can be replaced by a monatomic alcohol radical or acid 
radical, and in some cases by an alkali-metal ; in other words, the 
number of ethers that an alcohol can form with a monatomic 
alcohol-radical is equal to the number of ecj[uivalents of hydroxyl 
contained in its molecule; thus glycerin, which is a triatomic 
molecule, yields three ethylic ethers : 


OHaOH 

CHaOCaH^ 

CHaOCaH, 

OHaOCall, 

inoH 

j 

Ahoh 

1 

Ahoh 

A'HOCaH, 

CHaOH 

CHaOH 

I 

CHaOCaHfi 

OHaOCaH, 

Glycerin. 

Morio-ethylin. 

Diethyhn, 

Tricthylin. 


The hydrogen thus replaceable, called typic hydrogen, is that 
which is combined with the carbon, not directly, but only through 
the medium of oxygen. 

The number of acids which any alcohol can yield is equal to 
the number of times that the gi*oup or radical, C^HgOH, enters 
into its molecule ; and the passage from the alcohol to the acid 
consists in the substitution of O for Hg in this group, or in the 
conversion of CHgOH into the acid radical COOH, called carboxyl. 
Thus ethyl alcohol, 0113 — CIIgOH, which is monatomic, can yield 
but one acid, namely, acetic acid, CHg — COOH ; but ethene alcohol 
or glycol, which is diatomic, yields two, viz., gly collie and oxalic 
acids : 

COOH 

(*^00H 

Oxalic 
acid. 

Further observation shows that the basicity of an organic acid, 
that is to say, the number of its hydrogen-atoms that can he re- 
)laced by metals to form salts, is equal to the number of equiva- 
ents of carboxyl contained in it, or, in other words, to the number 


CHgOH ^ 


CHgOH 

Etliene 

alcohol. 


CHgOH 




OOH 

Glycollic 

acid. 
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of hydrogen-molecules (Hg) that have been replaced by oxygen (O), 
in the immediate neighbourhood of hydroxyl (OH), to convert the 
alcohol into an acid. Thus from normal propene-glycol, CgHgOo, 
may be derived the two diatomic acids, lactic (or rather paralactic) 
acid, CgH^Og, which is monobasic, and malonic aci<l, C3H4O4, 
which is bibasic : 


CHaOH 

im, 

(llHaOH 

Propene 

glycol. 


CHaOH 

(^Ha 

(iooH 

Lactic 

acid. 


COOH 

ifia 

iooH 

Malonic 

add. 


The atomicity of an acid is the same as that of the alcohol from 
which it is derived; thus lactic acid, though it contains only one 
atom of basic hydrogen, and therefore forms only one class of 
metallic salts, rejgresented by the formula C3H5O3M, can form two 
ethylic ethers, viz., ethyl-lactic acid and diethyl-lactate or ethylic 
ethyl-lactate; thus: 

CHgOH CHgOCgH^ CH2OC2H3 


(Sho 

1 * 

.iH, 

1 ^ 

Ah. 

1 ^ 

COOH 

COOH 

COOCgH^ 

Lactic acid 

Ethvl-lactic 

Diethylic 

(monoliaslc). 

acid (mono- 

lactate 

basic). 

(neutral). 


Prom these considerations it appears, that monatomic acids 
must necessarily be monobasic ; but diatomic acids may be either 
monobasic or bibasic ; triatomic acids, either monobasic, bibasic, or 
tribasic ; and so on. 

Many of the most important acids are derived, in the manner 
above explained, from actually known alcohols ; others, though they 
have no alcohols actually corresponding to them, are homologous 
with other acids derived from known alcohols ; but there is also a 
considerable number of acids, especially those formed in the 
vegetable or animal organism, which cannot be regarded as deri- 
vatives of alcohols of any known series ; flht the number of these 
imclassified acids will doubtless diminish as their composition and 
reactions become more thoroughly known. 

Acids may also be regarded as compounds of hydroxyl with 
oxygenated radicals (acid radicals) formed from the corresponding 
alcohol-radicals by substitution of O for Hg, or as derived froni 
one or more molecules of water (according to their atomicity), 
by substitution of such radicals for half the hydrogen in the 
W’ater; e,g.y 
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H 


["[o 


C^^30 j o 


Water. 

Ethyl alcohol. 

Acetic acid. 

H 

H 0 

H ( ^ 

H ) 0 

H >0 

(c^.orfp 

Water (2 mol). 

Propene 

glycol. 

Lactic acid. 


(CaHaO^)''! 
Malonic acid. 


In these typical formula) of polyatomic acids, the typic or 
alcoholic hydrogen (replaceable only by alcoholic or acid radicals), 
is placed, for distinction, above the acid radical ; and the basic 
hydrogen, replaceable either by metals or alcohol radicals, below. 

The acid radicals are denoted by names ending in yl, formed 
from those of the acids themselves ; thus, CgHgO, the radical of 
acetic acid, is called acetyl; C3H4O, is laetyl; C3H2O2, is rmlonyl, 
&c. ^ 

The replacement of the hydroxyl in an acid by chlorine, 
bromine, or iodine, gives rise to acid chlorides, &c. ; thus from 
acetic acid, C2H30(0H), is derived acetic chloride, CgHjOCl, &c. 
The rei)lacement of the hydrogen within the radical (radical 
hydrogen) by the same elements, or by the radicals, CN, NOg, NHo, 
&c,, gives rise to chlorinated, brominated, cyanated, nitrated, and 
amidated acids (see p, 538). Lastly, the replacement of ibe typic 
hydrogen by alcohol-radicals gives rise to ethereal salts or com- 
pound ethers ; and its replacement by acid radicals yields acid 
oxides or anhydrides (p. 539). The derivatives of each acid will 
be described in connection with the acid itself. 


MONATOMIC ACIDS. 


These acids, being derived from monatomic alcohols by substi- 
tution of O for Hg, necessarily contain two atoms of oxygen. 
Each series of hydrocarbons yields a series of monatomic alcohols 
and a series of monatomic acids : thus, 


Hydrocarbons. 

CnH2n+2 
CnHgn 
CnH2n— 2 

CnH2n — 4 
&C. 


Alcohols. 
CnHzn+gO 
CoH2nO 
Cn Il2n— sO 
CnH 2 n— 4O 
&C. 


Acids. 
CnH2n02 
CnH 2 n — 2O2 
CnH2n— 4O2 
CnH2n— 6*02 

&C. 


The best known monatomic acids are those belonging to the 
series CnH2n02, CnH2n— 2O2, CiiH2n— 8O2, and CiiH2n— 10O2. The 
last two belong to the aromatic group. Of the other series only a 
few terms have hitherto been obtained. 
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1. Acids belonging^ to tbe series CnH2n02, or CnH jn— lO(OII). 

These acids are called fatty or adipic acids, most of them 
beiijg of an oily consistence, and the higher members of the series 
solid fats. The following is a list of the known acids of the series, 
together with their melting and boiling points : 


Name. 

Foi*mula. 

Melting 

point. 

Boiling 

point. 

Formic acid, .... 

CHjO, 

+ r 

100 *^ 

Acetic acid, .... 

C 2 H 4 O 2 

+ 17 ° 

117“ 

Propionic acid, . . 

CaH^O, 

— 

141“ 

Butyric acid (normal), . 

C 4 H 8 O, 

below -- 20"" 

164“ 

Valeric acid ,, . 

CsHioOa 

— 

185“ 

Caproic acid ,, . . 


+ 5° 

200 ^-^ 205 ^ 

Qinanthylic acid,. 


— 

212“ 

Capr 3 dic acid, . ^ , 

Pelargonic acid, . . . 


+ 14° 

+ 18° 

236*^ 

260“ 

Eutic or Capric acid, 


+ SO" 1 

— 

Laurie acid, .... 


+ 43-6° 


Myristic acid, . . , 

CuHaaOa 

63-8° 


Palmitic acid, . . . 

Oj.HaoOg 

62° 


Margaric acid, . . . 


69-9°? 


Stearic acid, .... 

0igH«.02 

69-2° 


Arachidic acid, . / . 

CsoH^oO, 

75° 


Behenic acid, .... 

CS 2 H 44 OS 

76° 


Cerotic acid, .... 


78° 


Melissic acid, .... 

CaoHeoO, 

88° 



These acids may be represented on the marsh-gas type and on 
the water type by the following formula 3 ; 


Marsh-gas, 
Water, g | 


Type. 




H 

H 

H 


IH 


O or HOH 


Acid. 

f (Cn_lH2n-iy C„_lH2n-l 

C { O" or I 

(OH O— C-OH 

(CnHsjn-lOy j Q (CnHgn-lOyOH. 


If in either of these formulse we make n successively equal to 
1, 2, 3, &c., we get the formulae of formic, acetic, propionic acid, 
&a ; thus : 


(H 

(CH 3 

0 

00 

00 

0 

( 

c( 0 " 

C(0" 


(OH 

( H 

(OH 

(OH 

1 


OH 


Formic. 


Acetic. 


Propionic. Butyric. 


Valeric. 
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The acid railicals Cnllan— lO, in the water type formula}, may 
he ref^arded as compounds of carbon, CO, with alcohol-radicals, 
CnlTsn— iO=CO(Cn— iHsn— i), and accordingly the several acids 
may be represented as follows : 


COH 
II 

Formic. 


0 


CO(CH,) I ^ 




Acetic. 


CO(CJT,) 

II 

Propionic. 




&C. 


All the acids of the series containing more than three carbon- 
atoms admit of isomeric modifications, according to the constitution 
of the alcohol -radical which they contain: butyric acid, C^HgO.., 
for example, may exhibit the following modifications : 


Nonnal butyric acid. 

^ , 

CHj 

CHgCH/Tla 

ozic^-oii 

0=:(!)-0H 


Isobutyric acid. 
A 


H 3 CCH 3 


CH(CIl3)2 ’ V 

I or CH 

OmC-^OH t I 

O— C-OH 


But none of these acids can exhibit modifications analogous to 
the secondary and tertiary alcohols : because in them the carbon- 
atom which is associated with hydroxyl has two of its other units 
of equivalence satisfied by an atom of bivalent oxygen, and there- 
fore cannot unite (Urcclly with more than one other atom of 
carbon. Accordingly, it is found that the secondary and tertiary 
alcohols are not converted by oxidation into acids contaiiimg the 
same number of carbon-atoms as tbeiuvselves. 

^ Occurrence , — Most of the fatty acids are found in the bodies of 
plants or animals, some in the free state ; formic acid in ants and 
nettles ; valeric acid in valerian root ; pelargonic acid in the 
essential oil of Pelargonium roseum; and cerotic acid in bees’-wax. 
Others occur as ethereal salts of monatomic or polyatomic alcohols : 
as cetyl palmitate in spermaceti ; ceryl cerotate in Chinese wax ; 
glyceric butyrate, palmitate, stearate, &c., in natural fats. 

Formation, — 1. By oxidation of the primary alcohols of the 
methyl series, as by ex])osure to the air in contact with platinum 
black, or by heating with aqueous chromic acid. — 2. By the 
oxidation of aldehydes. In this case an atom of oxygen is 8iinj)ly 
added ; e,g,^ C2H4O (aldehyde) -1- O == C2H4O2 (acetic acid). 

3 . By the action of carbon dioxide on the potassium or sodium 
compound of an alcohol-radical of the methyl series ; thus, 

CH3 

COo -f CH,Na = J 

' * OOONa 

Carbon Sodium Sodium 

dioxide. mothide. acetal c. 
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4 , By the action of alkalis or acids on the cyanides of the 
alcohol-raxlicals ; CnH2n+i : thus, 


CnH2n+l 

I + KOH + HjO 

CN 


Alcoholic 

cyanide. 


Potassium 

hydrate. 


CiiH2n4-l 

iooK 

Pota'^sium-salt 
of fatty acid. 


+ NH3 


CnH2n+l 

I + HCl + 2Hp 

CN 

Alcoholic ITydrochloiic Water, 

cyanide. acid. 


Cj,H2n+l 

I + NH/M 

coon 


Potassium 

salt. 


Ammonium 

chloride. 


In this manner the cyanide of each alcohol -ra<li cal yields the 
potassium salt of the acid next highei' in the series, that is, con- 
taining one atom of carbon more; methyl cyanide, for example, 
yielding acetic acid, ethyl cyanide yielding propionic acid, &c. ; 
thus, 


+ KOH -f HgO = 


Methyl 

cyanide. 


COOK 

Potassium 

acetate. 


+ NH3 


6. By the action of water on the corresponding acid chlorides ; 
<■■ 0 ; 

C2U3OCI + HOH = HCl + C^HgOCOH) 

Acetyl Acetic acid. 


chloride. 


Now, these acid chlorides can he produced, in some instances at 
least, by the action of carbonyl <mloride (phosgene gas) on the 
corresponding parafi ^ ; thus, 


CH, 

Methane. 

+ 

COCI2 = 

Carbonyl 

chloride. 

Hca 

+ 

C2H3OCI 

Acetyl 

chloride. 

C4H,o 

Quartane. 

+ 

C0CI2 = 

Carbonyl 

chloride. 

HCl 

+ 

C^H^OCl 

Valery] 

chloride. 


By these combined reactions, therefore, the paraffins may be 
converted into the corresponding fatty acids. 

The five modes of formation ^ove given are general, or capable 
of being made so. There are also special methods of producing 
particular acids of the series, hut in most of these cases the re- 
actions cannot he distinctly traced ; thus formic, acetic, propionic, 
butyric, and valeric acids are produced by the oxidation of albumin, 
fibrin, casein, gelatin, and other similar substances ; propionic and 
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butyric acids in certain kinds of feniientation ; acetic acid by the 
destructive distillation of wood and other vegetable substances. 

Frojierties , — Most of the fatty acids are, at ordinary temperatures, 
trans 2 )arent and colourless liquids; formic and acetic acids are 
watery ; j)ropi(>nic acid and the higher acids, up to i^elargonic acid, 
are oily; rutic* acid and those above it are solid at ordinary teni- 
])eratiires, most of them being crystalline fats; cerotic and inelissic 
acids are of waxy consistence. By inspecting the table on page 
662, it will be seen that the boiling points of these acids dilfer, for 
the most part, ]>y about 24° for each addition of CII^. There are, 
how'ever, a few exceptions to this rule, some of which may arise 
from the existence of isomeric modifications. The boiling points 
of formic and acetic acids, however, which cannot exhibit any 
such modifications, differ by only 17°. 

Reactions, — J. When tlie fatty acids are submitted to the actit)Ti 
of nascent oxifijcn evolved by electrolysis, the carboxyl (COOH) 
contained in them, is resolved into water and carbon dioxide, an<l 
the alcohol-radical is set free (p. 546) ; thus, 


2 


94 H 0 

+ 

OOOII 


Valeric acid. 


o 


HjO + 2CO2 


Dibutyl. 


2. When the ammonium salt of either of these acids is heated 
with phosphoric oxide, it gives up water and is converted into the 
cyanide of the alcohol-radical next below it ; e.g., ammonium 
acetate into methyl cyanide : 


CH3— COONH4 — 2H2O = CH3— CN 

This reaction is the converse of the fourth mode of formation 
above given. 

3. By distilling the potassium salt of a fatty acid with, an 
equivalent quantity of potassium formate, the corresponding 
aldehyde is obtained: 


COCHgjo _|. = C0(CH3)H + K2CO3 

Acetate. Formate. Aldehyde. Carbonate. 

and the aldehyde, treated with nascent hydrogen, is converted into 
a primary alcoW : 

CH, CH3 

I + Hg =■ I 
COH CHgOH 


4. By subjecting the barium or calcium salt of a fatty ^id to dry 
distillation, a HimiinT decomposition takes place, resulting in the 
formation of a ketone : 
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(COCH^jo. = 

C0(CH3)3 

+ Ca'''C 03 

Calcium 

Acetone. 

Calcium 

acetate. 


carbonate. 

and the ketone, treated with nascent hydrogen, yields a secondary 
alcohol : 

CH3 


HC,OH, 

- V 

1 + 

Ha 

COCH3 

CHOH 

Acetone. 


Secondary 

* 


propyl alcohoL 


By these reactions, the fatty acids may he converted into 
alcohols. 

6. The fatty acids, heated with alcohols in sealed tubes, yield 
compound ethers, or ethereal salts, water being eliminated : 

C^HyOCOH) + HOC2H5 = HgO + C^HyOCOCaH^) 

Butyric Ethyl Ethyl 

acid. alcohol. hutytate. 

The conversion, however, is never complete, a portion, both of the 
acid and of the alcohol, remaining unaltered, in whatever propor- 
tion they may be mixed. 

The ethereal salts of the fatty acids are, for the most part, more 
easily obtained by acting upon the alcohol with an acid chloride, 
or by passing hydrochloric acid gas into a solution of the fatly acid 
in the alcohol; thus butyric ^loride and ethyl alcohol yield 
ethyl- butyrate : 

C4H7OCI + HOC2H5 = HCl + C^H^OCOCgH,,). 

Another method very commonly adopted, is to distil a potassium 
salt of the fatty acid with a mixture of the alcohol an<i strong 
sulphuric acid. In this case an acid sulphuric ether is first formed 
(as ethyl-sulphuric acid from ethyl alcohol, p. 581), and this acts 
upon the salt of the fatty acid in the manner illustrated by the 
equation : 

S02(0H)0C2H5) + CjH 70(0K) = -f S02(0H)(0K) 

Ethyl-Buiphuric Potassium Ethyl Acid potassium 

acid. butyrate. butyrate. sulphate. 

The ethereal salts of the fatty acids are either volatile, oily or 
syrupy liquids, or crystalline solids, for the most part insoluble in 
water, but soluble in alcohol and in ether. When distilled with 
potash or soda, they take up water and are saponified, that is to 
say, resolved into the alcohol and acid; ethyl butyrate into 
butyric acid and ethyl alcohol ; 

C4H70(0CaH5) + HOH = CJI^O(OTI) -f C2H^(OH) 

6. The fatty acids are strongly acted upon by the chlorides^ 
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bromides^ oxyrhlorideSy and oxylromides of phosphorus, yielding acid 
c»lilorides and bromides, the phosphorus being at the same 
time converted into phosphorous or phosphoric acid ; thus, 

SCgHaOCOH) + PCI3 = PO3H3 + 3C2H3OCK 

3C2H30(0H) + PCI3O - PO4H3 + 3C2H3OCL 

03H30(0H) + PCI3 « PCI3O + HCl + C3H3OCI. 

These acid chlorides are, for the most part, oily liquids, having 
a pungent acid odour ; they are easily decomposed by water, yield- 
ing the fatty acid and hydrochloric acid. This decomposition 
takes place also when they are exposed to the air; hence they 
emit dense acid fumes. They react in an exactly similar manner 
"with alcohols, as above-mentioned, yielding hydrochloric acid and 
a conmound ether. 

7. The chlorides of the acid radicals, CnH 2 n— lO, act violently 
on ammonia, forming ammonium chloride and the corresponding 
amide, acetic chloride, for example, yielding acetamide : 

C2H3OCI + 2NH3 - NH4CI -f NH2(C2H30). 

8. The acid chlorides, distilled with a metallic salt of the cor- 
responding acid, yield a metallic chloride and the oxide or 
anhydride corresponding to the acid : thus, 

C2H3OC1 + C2H30(ok) - Kci + 

In like manner, when distilled with the potassium salt of another 
monatomic acid, they yield oxides or anhydri<les containing two 
monatomic acid radicals : e.g., 

QH,OCl + C,H,0(0K) = KCI + } O 

Acetic Potassium Aceto-ben- 

chloride. benzoate. zoic oxide. 

The oxi<les of the fatty acid radicals may also he prepared by 
heating a dry lead-salt of the acid, in a sealed tube, with carbon 
bisulphide; e.g., 

{ OC^hJo + 

Lead acetate. Acetic oxide. 

The oxides of the fatty acid radicals are gradually decomposed by 
water, quickly when heated, yielding two molecules of the corres- 
ponding acid : 

(02^30)^0 + HgO = 2C2H30(0H). 

Those containing two acid radicals yield one molecule of each 
of the corresj)onding acids. 
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In contact with. ahsokoUe oxides (oxygen-ethers), the acid oxides 
are converted into ethereal sails : 

(CaH 30 )j 0 + (CaHjXiO = aC^HaOCOCaHj) 

Acetic oxide* Ethyl oxide. Ethyl acetate. 

With alcohols, in like manner, they yield a mixture of a compound 
ether with the acid : 

(C3H30)30 + C^HjCOH) == C2H30(0C2H3) + CaHaOCOH) 

Acetic 03 dde. Ethyl alcohoL Ethyl acetate. Acetic acid. 

The acid oxides are decomposed by ammonia ga$^ yielding a 
mixture of an ammonium-salt with an amide, e.g,: 

( 0 ^ 11 ^ 0)20 + 2NH3 == CyigOCONH^) + NHAH3O. 

9. The fatty acids, subjected to the action of chlorine or bromine, 
give off hydrochloric or hydrobromic acid, and are converted into 
substitution-compounds containing one or more atoms of chlorine 
or bromine in place of hydrogen; but it is only the hydrogen 
within the radical that can be thus exchanged, the typic hydrogen 
remaining unaltered, so that the number of chlorine or bromine- 
atoms introduced in place of hydrogen is always less by at least 
one than the number of hydrogen-atoms in the acid ; 

C2H30(0H) + CI2 = HCl + C^HgClOCOH) 

Acetic acid. Chloracetic acid. 

CgHsOCOH) + 3CI2 = 3HC1 + C^ClsO(OH) 

Acetic acid. Trichloracetic 

acid. 

The iodated acids of the same series (or rather their ethereal 
salts) are obtained by heating the corresponding bromine-com- 
pounds with potassium iodide : 

C2H2BrO(OC2H3) + KI = KBr + C2H2lO(OC2H5) ; 

Ethyl-brom- Ethyl-iodacetate. 

acetate. 

and the ethers treated with potash yield potassium salts of the 
iodated acids, from which the acids may be obtained by decom- 
position with sulphuric acid. 

10. The chlorinated and brominated fattv acids, boiled with water 
and silver oxide, exchange the whole of tneir chlorine or bromine 
for an equivalent quantity of hydroxyl, producing new acids, 
which differ front the primitive acids by a number of atoms of 
oxygen equal to the number of atoms of chlorine or bromine pre- 
sent; e.gr., 

2CaH3Br03 + AggO + HgO = 2AgBr . + 2 C 2 H 4 O 3 

Bi'omacetic GlycoUlc 

acid. acid. 


C4H3BT2O2 “h Ag20 02^ 

Dlbromo- 
butyrlc acid. 


= 2AgBr + C^HgOi, 

Dloxy-bu- 
tyric acid. 
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Dichloracetic and tiichloracetic acid are not sufficiently stable to 
exhibit this transformation, their molecules splitting up alto- 
gether when boiled with silver oxide. 

11. The monochlorinated and monobrominated acids, subjected 
to the action of an alcoholic solution of ammonia gas, yield am- 
monium chloride and a new acid, in which the chlorine or bro- 
mine is replaced by amidogen. Thus monochloracetic acid yields 
amidacetic acid, or glycocine: 

C2H3CIO2 -I- 2NH3 = NH4CI + CaH 3 (NH 2 ) 02 . 

There is another way of viewing these amidated acids, which will 
be considered hereafter. 

H H 

Formic acid, CHgOg == CHO(OH) = C ^ O" = I 

(HO COOH 

— This acid occurs in the concentrated state in the bodies of ants, 
in the hairs and other parts of certain cateipillars, and in stinging 
nettles. It may be produced by the first, second, and fourth 01 the 
above-mentioned general methods of forming the fatty acids — viz., 
by the slow oxidation of methyl alcohol, or of formic aldehyde, in 
contact with platinum black, and as a potassium salt by heating 
hydrocyanic acid (hydrogen cyanide) with an alcoholic solution of 
potash : 

HCN + KOH + HgO = NH 3 -f CHO(OK). 

It is also produced by certain special reactions — viz., oe. By 
passing carbon monoxide over moist potassium hydrate, the gas 
being thereby absorbed, and producing potassiiun formate : 

CO + HOK = COH(OK). 

The absorption of the gas is accelerated by the presence of a con- 
siderable quantity of water, and still more by alcohol or ether. 

/3. By distilling dry oxalic acid mixed with sand or pumice- 
stone, or better with glycerin : 

C2H2O4 = CO2 + CH2O2. 

The distillation of oxalic acid with glycerin is a very advan- 
tageous mode of preparing formic acid. The glycerin takes no 
part in the decomposition, but appears to act by preventing the 
temperature from rising too hi^: when oxalic acid is distilled 
alone or with sand, the greater part of the formic acid produced is 
resolved into water and carbon monoxide. 

y. By passing carbon dioxide and water -vapour over potassium 
at a moderate heat, acid potassiiun carbonate, KHCO 3 , being 
formed at the same time : 

Kg + 2CO2 + H2O « KHCO3 + KCHOg. 

3. By the oxidation of sugar, starch, gum, and organic substances 
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in general. A convenient mode of preparation is the following: — 
1 part of sugar, 3 parts of manganese dioxide, and 2 parts of water, 
are mixed in a very capacious retort, or large metal still ; 3 parts 
of oil of vitriol, diluted with an equal weight of water, are then 
added, and when the first violent effervescence from the disengage- 
ment of carbon dioxide has subsided, heat is cautiously applied, 
and a considerable quantity of liquid distilled over. This is very 
impure: it contains a volatile oily matter, and some substance 
which commimicates a pungency not proper to formic acid in that 
dilute state. The acid liquid is neutralised with sodium carbonate, 
and the resulting formate purified by crystallisation, and, if need- 
ful, by animal charcoal. From this, or any other of its salts, 
solution of formic acid may be readily obtained by distillation 
with dilute sulphmic acid. 

To obtain the acid in its most concentrated state, the dilute acid 
is saturated with lead oxide, the liquid is evaporated to complete 
dryness, ojid the dried lead formate, reduced to fine powder, is 
very gently heated in a glass tube connected with a condensing 
apparatus, throu<?h which a current of dry sulphuretted hvdrogen 
gas is transmittea. It forms a clear, colourless liquid, which fumes 
slightly in the air, has an exceedingly penetrating odour, boils at 
about 100%* and crystallises in large brilliant plates when cooled 
below 0°. The specific gravity of the acid is 1*235: it mixes 
with water in all proportions : the vapour is inflammable, and 
burns with a blue flame. Concentrated formic acid is extremely 
corrosive, attacking the skin, and forming a blister or an ulcer, 
painful and difficult to heal. 

Formic acid mixes with water in all proportions. The aqueous 
acid has an odour and taste much resembling those of acetic acid : 
it reddens litmus strongly, and decomposes alkaline carbonates 
with effervescence. Formic acid likewise dissolves readily in 
alcohol, being partly converted into ethyl formate. 

Formic acid is a powerful reducing agent. It may be readily 
distinguished from acetic acid by heating it with solution of stiver 
nitrate; the metal is thus reduced, sometimes in the pulverulent 
state, sometimes as a specular coating on the glass tube, and car- 
bon dioxide is evolved. Mercuric chloride is reduced by formic 
acid to calomel. Formic acid heated with oil of vitriol splits up 
into water and carbon monoxide, CH 202 ==H 20 + C0. 

Chlorine converts it into hydrochloric acid and carbon dioxide : 

CH2O2 + CI2 = 2 HC 1 + COg. 

Formic acid heated with strong bases is converted into oxalic acid, 
with disengagement of hydrogen, e.g.: 

2 CH 2 O 2 "4“ BaO ~ OgBaO^ -f- Ug "4“ Il 2 ^ • 

Formates. — The composition of these salts is expressed by the 
* At 93*5° (Liebig) ; 100*’ (Person) ; 101*1® (Roscoe); 105*5 (Kopp). 



ACETIC ACID. 


671 


formulae, MCHOo, M"(CH 02 ) 2 , M'"(CH 02 ) 3 , according to 
the equivalent vdue of the metal or other positive radical con- 
tained in them. They are all soluble in water : their solutions 
form dark-red mixtures with ferric salts. When distilled with 
strong sulphuric acid they give off carbon monoxide, and leave 
a residue of sulphate. The formates of the alkali-metals heated 
with the corresponding salts of other fatty acids, yield a car- 
bonate and an aldehyde (p. 666 ). 

Sodium formate crystallises in rhombic prisms containing 
NaCHOo • aq- ^ It reduces many metallic oxides when fused with 
them. Potassium formate^ KCHOg, is difficult to crystallise, on^ 
account of its great solubility. Ammouium formate crystallises in 
square prisms : it is very soluble, and is decomposed at high tem- 
peratures into hydrocyanic acid and water, the elements of which 
it contains: NH 4 CHO 2 = 2 H 2 O -f- CNH. The formates of Janwm, 
strontium^ calcium^ and mag'nesium form small, prismatic, easily 
soluble crystals. Lead formate crystallises in small, diverging, 
colourless needles, which require for solution 40 parts of cold 
water. The manganous, ferrous, zinc, nickel, and cobalt formates are 
also crystallisable. Cupric formate is very beautiful, cxystallising 
in bright blue rhombic prisms of considerable size. Silver formate 
is white, but slightly soluble, and decomposed by the least eleva- 
tion of temperature. 

Methyl formate, CH 3 . CHOg, metameric with acetic acid, is pre- 
pared by heating in a retort equal weights of neutral methyl sul- 
phate and sodium formate. It is a very volatile liiiuid, lighter 
than water, boiling between 36° and 38°. 

Ethyl formate, CgHg . CHOg, metameric with methyl acetate and 
])ropionic acid (p. 644), is prepared by distilling a mixture of 
7 parts of dry sodium formate, 10 of oil of vitriol, and 6 of strong 
alcohol. The formic ether, separated by the addition of water to 
the distilled product, is agitated with a little inagnesijii, and left 
for several days in contact with calcium chloride. Ethyl foiiuate 
is colourless, lias an aromatic odour, a density of 0*915, and boils 
at 66 °. Water dissolves it to a small extent. 

Acetic Acid, C 2 H 4 O 2 - C 2 H 30 ( 0 H), or COCH 3 (OH) - 

(CH3 CH3 

C < O" = I . — This acid is found in small quantities in 

( OH COOH 

the juices of plants and in animal fluids. It may be produced by 
either of the five general methods of formation given on pages 
663, 664, and in particular by the slow oxidation of alcohol. 
When spirit of wine is dropjied upon platinum black, the oxygen 
condensed in the pores of the latter reacts so powerfully upon the 
alcohol as to cause its instant inflammation. When the spirit is 
mixed with a little water, and slowly dropped upon the finely 
divided metal, oxidation still takes place, but with less energy, 
and vapour of acetic acid is abundantly evolved. In all these 
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modes of formation, the acetic acid is ultimately producible from 
inorganic materials. It is also formed by the action of nascent 
hydrogen on trichloracetic acid, which may itself be. produced 
from inorganic materials. Lastly, acetic acid is obtained, together 
with many other products, in the destructive distillation of wood 
and other vegetable substances. 

Preparation^ — 1. Dilute alcohol, mixed with a little yeast, or 
almost any azotised organic matter susceptible of putrefaction, 
and exposed to the air, speedily becomes oxidised to acetic acid. 
Acetic acid is thus manmactured in Germany, by suffering such a 
^ mixture to flow over wood-shavings steeped in a little vinegar, 
contained in a large cylindrical vessel through which a current of 
air is made to pass. The greatly extended surface of the liquid 
expedites the change, which is completed in a few hour^. No 
carbonic acid is produced in this reaction. 

The best vinegar is made from wine by spontaneous acidification 
ill a partially filled cask to which the air has access. Vinegar is 
first introduced into the empty vessel, and a quantity of wine 
added ; after some days, a second portion of wine is poured in, and 
after similar intervals, a third and a fourth. When the whole has 
become vinegar, a quantity is drawn off eqiial to that of the wine 
employed, and the process is recommenced. The temperature of 
the building is kept up to 30^ Such is the plan adopted at 
Orleans, In England vinegar is prepared from a kind of beer 
made for the purpose. The liquor is exposed to the air in half- 
em^y casks, loosely stopped, until acidification is complete. Fre- 
quently a little sulphuric acid is afterwards added, with the view 
of checking further decomposition, or mothering^ by which the 
product would be snoiled. 

‘ When dry, hard yood, as oak and beech, is subjected to destruc- 
tive distillation at a Jted heat, acetic acid is found among the liquid 
condensable product# of the operation. The distillation is con- 
ducted in an iron cylftider of large dimensions, to which a worm 
or condenser is attached; a sour watery liquid, a quantity of tar, 
and much in|lainmahle gas pass over, while charcoal of excellent 
quantitjr remains in the retort. The acid liquid is subjected to 
(listillation, the first portion being collected apart for the prepara- 
tion of wood-spirit.. The remainder is saturated with lime, con- 
centrated by evaporation, and mixed with the solution of sodium 
sulphate ; calcium sulphate is thereby precipitated, while the acetic 
aciu is transferred to the soda. The filtered solution is evaporated 
to its crystallising ipoint ; and the crystals are drained as much as 
possilfle from the dark, tany mother-liquor, and deprived by heat 
of, their combined water. The dry salt is then cautiously fused, 
by which the last portions of tar are decomposed or expelled : it is 
then re-dissolved in water, and rec^stallised. Pure sodium acetate, 
thus obtained, readily yields acetic acid by distillation with sul- 
phuric acid. 
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The strongest acetic acid is prepared by distilling finely powdercil 
anhydrous sodilim acetate with three times its weight of concen- 
trated oil of vitriol. The luiuid is purified by rectification ft*oiu 
sodiuin sulphate accidentally thrown up, and exposed to a low 
temperature. Crystals of pure acetic acid, CoH^^O^, then form in 
large quantity: they may be draineil from the weaker fluid por- 
tion, and suffered to melt. Below 15*5^ this substance, often called 
ijlacial acetic acidy forms large, colourless, transparent crystals, 
which above that temperature fuse to a thin, colourless liquid, of 
(exceedingly pungent and well-known odour ; it raises blisters on 
the skin. It is miscible in all proportions with water, alcohol, 
and ether, and dissolves camphor and several resins. When diluted 
it has a pleasant acid taste. Glacial acetic acid in the liquid state 
has a density of 1*063, and boils at 120®. Its vapour is inffam- 
mable, and exhibits the variations of density noticed at page 240. 
At 300®, or above, it is 2*08 coni 2 )ared with air, or 30® compared 
with hydrogen, agreeing exactly with the theoretical density, 
which is half the molecular w^eight ; but at tenii)eratnres near the 
boiling point it is considerably greater, being 2*90 at 140®, and 
3*20 at 125® (referred to air). 

Dilute acetic acid, or distilled vinegar, used in jdiarmacy, should 
always be carefully examined for coj^jicr and lead : these impuri- 
ties are contracted from the metallic vessel or condenser sometimes 
employed in the 2 )rocess. The strength of any sample of acetic 
acid cannot be safely inferred from its density, but it is easily 
determined by observing the quantity of dry sodium carbonate 
necessary to saturate a known weight of the li(juid. 

Acetic acid exhibits all the reactions of the fatty acids in general 
(pp. 664-668). The acid itself does not readily conduct the elec- 
tric current, but a solution of j)otassium acetate is decomposed bv 
electrolysis, with formation of dimethyl or ethane and 2 >otaysiuni 
carbonate : 

2(CH3.C00K) + H,0 = + CO, + CO(OK),. 

Acetic acid is not attacked by nitric acid, but 2 )eriodiG acid con- 
verts it by oxidation into formic acid and carbon dioxide, being 
itself reduced to iodic acid or even to free iodine : 

OoH.O, + 03 = CH,0, + CO., + H.,0. 

Potassium acetate distilled with arsenious oxide oiX a highly 
inllammable .and characteristically fetid oil, consisting chiefly of 
arsendimethyl or cacodyl, As 2 (CH 3 )^. 

Acetates. — Acetic acid forms a large number of highly import- 
ant salts, represented by the formulce, MCgHaO,, ^^'(CgHaOg)? or 
M'"(C. 2 H jQ,),, according to the equivalent value of the metals con- 
tained" in them. Being a monobasic acid, it cannot form any acid 
salts 2 >i'operly so called, that is, by replacement of apart of its 
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tyj>ic hydrogen (p. 307) ; but the normal acetates of the alkali- 
metals can take up a molecule of acetic acid, just as they take up 
water of crystallisation, forming salts called acid acetates or 
<li acetates, MC 2 H 3 O 2 .C 2 H 4 O 2 . There are also basic acetates, 
formed by the union of a molecule of a normal acetate with a 
molecule of metallic oxide or hydrate. 

Potassium Acetates. — The 'normal salt^ KC 2 H 3 O 0 , crystallises 
with great difficulty : it is generally met with as a foliated, white, 
crjrstalline mass, obtained by neutralising potassium carbonate 
with acetic acid, evaporating to dryness, and heating the salt to 
fusion. It is extremely deliquescent, and soluble in water and 
alcohol : the solution is usually alkaline, from a little loss of acid 
by the heat to which it has been subjected. From the alcoholic 
solution, potassium carbonate is thrown down by a stream of carbon 
dioxide. 

The acid salt^ K(> 2 H 30 jj.C 2 H 402 , is formed by eva]iomting a 
solution of the neutral salt in excess of acetic acid, and crystallises 
by slow (‘vaporation in long flattened prisms. It is very deliques- 
cent, and decomposes at 200 °, giving oil' crystallisable acetic acid. 

Sodium Acetate, NaC 2 ll 302*3 aq. — The mode of ])reparation 
of tliis salt on the large scale has been already described : it forms 
large, transparent, colourhiss crystals, derived from a rhombic 
prism, whica are easily rendered anhydrous by hetit, effloresce in 
<lry air, and dissolve in 3 parts of cold, and in an equal weight of 
hot water: it is also soluble in alcohol. The taste of this salt is 
cooling and saline. The dry salt melts at 288°, and begins to 
decompose at 315°. 

Ammonium Acetates. — The nsiUral acetate^ NH 4 C^H 30 .„ is a 
white odourless salt, ol)tained by .saturating glacial acetic acid with 
dry ammonia gas. It is very difficult to obtain in the crysiallim* 
form, for its aqueous solution when evaporated, gives otf ammonia, 
and leaves tlie acid salt. When distilled Avith jdiosphoric oxide, 
it loses 2 inolecules of water, and gives ofl’etheiiyl nitrile or acetoni- 
trile, (C^^I'j)'^'N=Nll 4 (? 2 ^a^^“' 2 H 20 - Theaqiieous solution, known 
in the Phariiiacopana as iSjdritas Mindereru is prej>ared by satu- 
rating aqueous acetic acid Avith ammonia or ainmoinum carbonate. 

Tlie acid sedt^ NIrl 4 C 2 ^ 3 ^^ 2 *^ 2 ^ 4 ^^ 2 ^ obtained as a crystalline 
sublimate by healing ]>f)AA’dered sal-aiiinmniac Avith pntassiuni or 
calcium acetate, ammonia being giA eii off at the same time ; also 
as a radiated crystal! i tie mass ly cATiporating the aqueous solution 
of the neutral salt. 

The acetates of barium^ fftronfinniy and calciumy are A'ery soluble, 
and can be procured in crystals; magnesium acetate crystallises 
with difficulty. 

Aluminium Acetate. — This salt is A'ery soluble in Awater, and 
dries up in the vacuum of the air-piuup to a gummy mass with- 
out trace of crystallisation. If foreign salts are present, the solu- 
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lion oi‘ the acetate becomes turbid on heating, from the separation 
of a basic comi^ouiid, which redissolves as the liquid cools. 
Aluminium acetate is much employed in calico printing: it is 
prepared by mixing soluti as of lead acetate an<l alum, and filter- 
ing from the insoluble lead sulphate. The liquid is thickened 
with gum or other suitable material, and with it the design is 
impressed upon the cloth by a wood-block, or by other means. 
Ex]>osure to a moderate degree ot heat drives off the acetic acid, 
aii(l leaves the alumina in a state capable of entering into combi- 
nation w^th the dye-stuff. 

Some very interesting researches on aluminium acetate have been 
published hy the late Mr Walter Crum.* The solution obtained by 
ilecomposing aluminium sulphate, Al2(SO^)3, witli lead acetate may 
be siqiposetl to contain neutral aluminium acetate, (Al2y‘(CoH302)fi, 
or ALO-j.^C^H^Oy. This salt cannot, however, be obtained in the 
dry stale. If the solution be rapidly evaporated at low temper- 
atures, by being S2)rca(l in thin layers on glass or porcelain, a 
basic soluble acetate is obtained, having the composition AlgOo. 
2C4 H,jO j-(- 4aq. ; hut if tlie solution be left to stand in the cold, 
or submitted to the action of heat, iiisolvhle basic salts are pre- 
(•ijnlatcd, ditfering in comi>osilion from the former by containing 
in the fli'st c.u-e livT, and in the second two, inolecailes of water 
iu'^trad of four. 

The soluble aluminium acetate, when exjwsed in a dilute 
solution to the tcm2)eratiire of boiling water for several days, 
undergoes a very remarkable change, tlie whole, or nearly the 
whole, of the acetic acic lacing ex2)elled by the action of heat, Jind 
a 2)eculiar soluble modification of alumina (already descril>ed 
under Aluminium, p. 372), remaining in solution. 

Manganese acetate forms colourl(*ss, rhombic, ]>rismal.ic crystals, 
permanent in tlie air. Ferrous acetate crystallises in small, gi’cenish- 
white needles, very jirone to oxidation ; both salts dissolve freely 
in water. Ferric acetate is a <lark brownish-red, imcrystallisable 
liquid, of powerful astringent taste. Cohalf acetate forms a violet- 
coloured, crystalline, deli<[uescent mass. The nickel salt se2)arates 
in green crystals, which dissolve in 6 parts of water. 

Lead Acetates. — The normal salU PI /'"(CgH {02)2.3 an., is pre- 
pared on a large scale V)y dissolving litharge in acetic acid ; it may 
l>c obtained in colourless, transparent, i)i’isinatic crystals, but is 
generally met with in commerce as a confusedly crystalline mass, 
somcAvhat resembling loaf-sugar. From this circumstance and 
from its swee^t taste, it is often called sugar of lead. The crystals 
lire soliibh*. in about parts of cold water, effloresce in dry air, 
and melt ivlien gently heated in their water of crystallisation ; the 
latlor is (easily driven oif, and the anhydrous salt obtained, which 
melts, and afterwards decomposes, at a high temperature. Acetate 


* Cliem. Soc. Quar. Jour. vi. 216. 



676 


FATTY GROUP : MONATOMIC ACIDS, C^II^nOs. 


of lead is soluble in txlcohol. The a(iiieous solution has an intensely 
sweet, and at the same 'time, astringent taste, and is not precipi- 
tated by ammonia. It is an article of great value to the chemist. 

Basic Acetates (Suhacetates) of Lead . — A sesquibasic ace- 
tate^ 2Pb"(C2H302)2- Pb" 0 , is produced when the neutral anhydrous 
salt is so far decomposed by heat as to become converted into a 
])orous white mass, decomposable only at a much higher tempera- 
ture. It is soluble in water, and separates from the solution 
evaporated to a syrux>y consistence in the form of crystalline 
scales. A tripluminc acetate^ Pb"(C2H302)2.2Pb"0, is obtained by 
digesting at a mcnlerate heat, 7 parts of finely powdered litharge, 
0 parts of lead acetate, and 30 parts of water ; or, by mixing a cold 
saturated solution of neutral lead acetate with a fifth of its volume 
of caustic ammonia, and leaving the whole for some time in a 
covei'eil vessel. The salt sepaiutes in minute needles containing one 
molecule of water. The solution of basic acetate prepared by the 
first method is known in pharmacy imder the name of Goulard water. 
There is also a sexplumbic acetate, P]y'(C 2 H 3 () 2 ) 2 . 5 PV' 0 , formed 
by adding a great excess of ammonia to a solution of normal lead 
acetate, or by digesting the normal salt with a large quantity of 
oxide. It is a white, slightly ciystalline substance, insoluble in 
cold, and but little soluble in boiling water. The solutions of the 
basic lead acetates have a strong alkaline reaction, and absorb 
carbonic acid with the greatest avidity, becoming turbid from 
precipitation of basic carbonate. 

Cupric Acetates, — The norrrml acetate^ Cu"(C2H302)2 + aq-, is 
j^repared by <lissolving verdigris in hot acetic acid, and leaving the 
filtered solution to cool. It forms beautiful dark green crystals, 
which dissolve in 14 parts of cold and 5 parts of boiling water, 
and are also soluble iii alcohol. A solution of this salt, mixed 
with sugar and heated, yields cui^ric oxide in the form of minute 
red octoliedral crystals ; the residual copper solution is not pre- 
cipitated by an alkali. Cupric acetate yields, by destructive 
distillation, strong acetic acid containing acetone and contaminated 
with copx>er. The salt is sometimes called distilled verdigris, and 
is used as a pigment. 

Basic Cupric Acetates. — Common verdigi*is, made by 
spreading the marc of grapes upon plates of copper exposed to the 
air for several weeks, or by substituting, witn the same view, 
pieces of cloth dipped in crude acetic acid, is a mixture of several 
Imsic cupric acetates which have a green or blue c-olour. One of 
these, 2Cu'XC«,H302)^.Cu0 -|- 6 acp, is obtained by digesting the 
powdered verdigris in warm water, and leaving the soluble part 
to spontaneous evaporation. It forms a blue, crystalline mass, 
but little soluble in cold water. Wlien boiled, it deposits a brown 
powder, which is a subsalt with large excess of base. The green in- 
soluble residue of the verdigris contains Cu(C2H302)2. 2 CuO+ 3 aq. ; 
it may be formed by digesting normal cupric acetate with the 
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hydrated oxide. By ehullitiori with water it is resolved into 
normal acetate and the brown basic salt. 

Silver Acetate, AgC2^ 3^25 obtained by mixing potassium 
acetate with silver nitrate, and washing the precipitate with cold 
water to remove the potassium nitrate. Jt crystallises from a 
warm solution in small colourless needle.s, which have but little 
solubility in the cold. 

Mercurous acetate forms small scaly crystals, which are as feebly 
soluble as those of acetate of silver. Mercuric acetate dissolves 
with facility. 

Methyl Acetate, CH 3 .C 2 H 3 O 2 occurs in crude wood-spirit. 
It is prepai’ed by distilling 2 jiarts of methyl alcohol with 1 part 
of glacial acetic acid and 1 part of sulphinic acid, or 1 part of 
methyl alcohol with 1 part of potassium acetate and 2 parts of 
sulphuric acid. AVhen purified by rectification over calcium 
chloride and quick-lime, it forms a colourless fragrant liquid, of 
sp. gr. ()’95fi2 at 0 °, boiling at 55"^ or 56'^. It dissolves in water, 
and mixes in all proportions with alcohol and ether. 

Ethyl Acetate, C2H3.G2H3O2, may be jnepared by heating to- 
gether in a retort, 3 })arts of ]>otassium acetate, 3 parts of strong 
alcohol, and 2 parts of oil of vitriol. Tlie distilled product is 
mixed with water, to sej>arate the alcohol, digested first with a 
little chalk, and afterwards with fused calcium chloride, and, 
lastly, rectified. The pure ether is an exceedingly fragiant 
limpid Injuid : it has a density of 0 * 890 f and boils at 73'8°. 
A I lull is <lecomj)ose it in the manner already mentioned (p. (567). 
When treated uuth ammonia, it yields acetamide^ NH 2 C 2 ® 30 * 

Heated with sodium, it yields sodium ethylate and the sodium- 
salt of an acid containing : 

4Na + 3 (C 2 TI,.C 2 H 302 ) = 3 NaOC 2 H^ + NaC^Hj^Og. 

A little secondary action, however, takes place between the 
sodium ethylate and the^ excess of aixitici ether, resulting in the 

fcuTiiation of ethylene-sodium acetate, C2H4 | q , and alcohol: 


XaOCsH,, + 

and the sodium acting on the alcohol thus produced, gives rise to 
disengagement of hydrogeiL 


Amyl Acetate, prepareil in a similar manner, 

boils at 140 °. It posst^sses in a remarkable maimer the odour of 
the Jargonelle pear, and is now manufactured on a large scale for 
favouring liquors and confectionery, 

Ethene Acetates. — These compounds may l^e derived from 
elheue alcohol (glycol) by substitution of one or two equivalents 

of acetyl for hydrogen. The monacefate^ (C 2 H 4 )" | qq jj q is 
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produced by heating ethene dibroinide with an alcoholic «>Iiititnt 
of potassium acetate. The product is distilled, the jxntion com- 
ing over at 182^ being kept separate. It is a colourless, oily 
liquid, miscible in every proportion with water or alctdiol. Hy- 
drochloric acid gas ixissed into ethene monaeetate converts it into 

ethene aceiochloride, or glycolic chloracetin, C2II4 j ^ q 

which is precipitated, on addition of water, as an oily liquid 
boiling at 145^. Treatment with ])(>tash decomposes it into 
ethene oxide, potassium acetate, and ])o(as.sium cldoiide. 

Ethene diucetutc, | OC^H^O preparcfl by digesting a 

mixture of ethene dibroinide, "silver acetate, and gl icial acetic 
acid in the w^ater-balh, and exhausting tlie digesftMl mass witli 
ether. On distilling the ethereal solution, the ether lii^st ])asves 
over, then the acetic acid, and lastly, when the teTiijieraUm^ has 
reached 187^^, ethene diacetate. It is a cokairless, neutral li(juid, 
of sp. gr. 1'128, atO^^; soluble in 7 parts of water and in every 
proportion in alcohol and ether. By distillation with ]>otash it 
yields ethene alcohol, or glycol, C2J^4(^^^)2 (P- bl5). 

Propenyl or Glyceryl Acetates; Acetins. — These (dhers 
are derived from propenyl alcohol (glycerin) by substitution ot 
1, 2, or 3 equivalents of acetyl for hydrogen. Tlie formula of 
glycerin l^eing (C3H5)'"(0H)3, those of the three acetins are : 


Monoacetin, . . . ((.;,TI.y"(0H)2(0C.,fI,0) 

Diacetin, ((J3H5)'"(OH)(OC2ll,b)^ 

Triacetiii, * . . . . ((J3H^'"(0C;jT30)3 ' 


They are oily liquids, produced by heating glycerin ami acelit'. 
acid together, in various proportions, in sealed tubes. 

Acetic Chloride or Acetyd Chloride, CJl^CKd. 
— This compound, which hfis the constitution of acetic acid wit It 
chlorine substituted for hydroxyl, is produced, asaln^ady obseiviMl 
(p. 666), by the action of phosphorus trichloride, pentacliloride, or 
oxychloride on glacial acetic acid. The product heated with 
water and dilute soda-solution, to remove j>hos])horus oxychloride 
and hydrocliloric acid, and then reclitietl, yields acetic; chloride as 
a colourless licjuid, liaving a suffocating chIoui*, and emitting dense 
fumes of hydrochloric acid in contact with the air. It. is heavier 
than water, lx)ils at 55°, and is decomposed by water aixl alkaline 
solutions, yielding hydrochloric and acetic acids. 

Acetic Oxide or Anhydride, G4H(.03=(C5jH 30).,0, some- 
times called Anhydrous Acetic acid , — This compound is obtainecl : 

1. By the action of acetyl cliloride on ix>tassium or sodium 
acetate : 


C 2 H 30 (ONa) + C2H3OCI = 


NaCl + (C2H30)/J. 
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2. By heating sodium acetate with benzoyl chloride, 
whereby benzo-acetic oxide, (C2H30)(C7Hj0)0, is foi-nied in the 
tirst instance, and snbsequently resolved mto acetic and benzoic 
oxides, the former distilling over, while the latter remains : 

O^HaOCONa) + C^H^OCl NaCl + 1 0 

and : 

== (C,H 30)20 + (CjH,0)20. 

^'jetic oxide is a heavy oil which dissolves slowly in water, 
being gradually converted into acetic acid : 

(cyr,o),o + 11^0 - 2(\Hfi(oii). 


Acids dcrhied from Arctic Acid hy substitution. 

Chloracetic Acids. — The three acids, C2H3CIO0, CJlgCl/), 
and (a,HC 1302, are produced hy the ac.lion of chlorine on acetic 
acid in sunshine ; the second, however, is formed in small quantity 
only, the first or the third being produced in greatest almndance 
according as the acetic acid or the chlorine is in excess. 

Mono chloracetic acid, CH^Cl.COOH, is produced, accord- 
ing to R. Hoffmann, hy tlie action of chlorine on boiling glacial 
acetic acid in sunlight. Dr H. Muller finds that the formation of 
monochloracetic acid is facilitated by dissolving a little iodine in 
the hydrated acetic acid, and passing a slreaiu of chlorine through 
the boiling solution. On submitting the products of tliis leaction 
to repeated distillation, monochloracetic acid is obtained as a 
liquid, boiling at 18(f^, and solidifying to a crystalline mass, which 
melts at 64°, and dissolves with facility in waler. Heated with 
potash, it is converted into jiotassium gly collate, KC^HjOg (p. 668) : 

C2H3CIO2 + 2KH0 = KCl + KCjillaOg + II^O. 

Dichloracetic acidj CHIOlg-COOH, is produced, together with 
the preceding compound, by the action of chlorine and iodine on 
boiling acetic aci<l, and is foimd in the portion of the product 
which boils aliove 188° According to Maumenii, it may be 
obtained by exposing monochloracetic acid in large flasks to the 
action of diy chlorine (5 atoms of chlorine to 3 molecules of 
chloracetic acid) for twenty-four hours, warming the product to 
expel hydrochloric acid, and then distilling. At ordinary tem- 
peratures it is a liquid having a specific gravity of 1-5216 at 15°, 
and boiling at 105° According to Muller, it remains liquid when 
cooled; but according to Maumen(5,it crystallises in rhombohedral 

S lates. It forms a soluble silver salt, AgCgHCL^Oo, which is 
ecomposed when its solution is heated with silver oxide to 75° or 
80°, giving off a mixture of carbon monoxide and dioxide : 

2AgC2HCl202 + GAg^O = 2C0 + 2CO2 + 4 AgCl + 2Ago + H.O . 
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Trichloracetic acid^ CCI 3 .COOH. — Discovered by Dumas. 
When a small qiiantitv of crystallisable acetic acid is introduced 
into a bottle ol dry chlorine gas, and the whole exposed to the 
direct solar rays for several hours, the interio ’ of the vessel is 
found coated with a white ciystalliiie substance, which is a mix- 
ture of trichloracetic acid with a small quantity of oxalic acid. 
The chloroform is converted, by the further action of tlie chlorine, 
into caribou tetrachloride, CCI 4 . 

Trichloracetic acid may also be produced synthetically, viz., by 
the action of chlorine and water f>n carbon dichlorifle, C 2 CI 4 , this 
coinj)ound first taking uji 2 atoms of clilorine and fanning carbon 
trichloriile^ C 2 Clf^^, and the latter being converted by the water inti> 
hydrochloric and trichloracetic acids : 

aCJ« -f 2H,0 - 3I1CI 4 - CMCip,^. 

TricJiloracetic acid is a colourless and extremely <leli<|uesceiit 
substance: it has a faiiit odour, and sharp caiislic taste, bleaching 
the tongue and destroying the skin ; the solution is j)owerful]y 
acid. At 4(i^ it mehs io a clear Ii([iiid, and at I9i)^ boils and dis- 
tils unchanged. The density of the fused acid is 1’017; tliat of 
the vapour, which is very irritating, is ])robably r)*(>. 

Thii trichloracf'tides are analogous to the acetates. Tlie potas- 
siani-scdf^ 2 KC 2 Cl 30 o.a(i., crystallises in fibrous silky needles, per- 
manent in the air. llie ammonivm-mlt^ 2 (NH 4 )C 2 ^^^ 3 ^:j“f"baq., is 
also crystallisable and neutvol. Tlie silvar-Halt, AgC 2 Cl 30 *„ is 
soluble, and crystallises in small, greyish scales, easily altered by 

Trichloracetic acid boiled with excess of ainmoniu yields ammo- 
nium carbonate and chloroform : 

C^HCl^O, + 2 NH 3 + H,0 = (NH4),C03 + CHCI 3 . 

With caustic potash, it yields a smaller quantity of chlorofonn, 
together vdth potassium chloride, carbonate, and fonnate. The 
chloride and formate are secondary products of the reaction of the 
alkali upon the chloroforui. 

Nascent hydrogen reduces trichloracetic to acetic acid. 'V\^len 
potassium or sodium amalgam is jmt into a strong aqueous solu- 
tion of trichloracetic, achl, the teiupciaturc of the liquid rises, 
without disengagement of gas, and the solution is found to contain 
acetate and chloride of potassium or sodium, together with caustic 
alkali. 

Bromacetic Acids. — Monobroniacetic acid, CHgBr.COOH, dis- 
covered by Perkin and Duppa, is analogous in eA^'ery respect to 
monochloracetic acid. It is formed by acting wdfch bromine on 
glacial acetic acid in sealed tubes at a temperature above that of 
boiling water. Ammonia converts it into glycocine, CoH.NO., 

(p. 681 ). 

Dihroiiiacetic acid, CHBrg.COOH, is obtained by the further 
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action of bromine upon bromaceiic acid. It is a liquid boiling at 
240 ° ; heated with silver oxide and water, it is decomposed into 
silver bromide and bromoglycollic acid : 


+ Ag.fi + nfi = 2 AgBr + 2C2H3Br03. 

Ethyl dibromacetate^ C2H,-C2HBr202, produced by heating an 
r )holic solution of the acid in a sealed tube, is an oily liquid, 

iiich is decomposed by ammonia, yielding alcohol and dibroni- 
acetamide : 

C2HvC2HBr202 + NHg = C 2 H-OH + NH2C2HBr20. 

lodacetic Acid, C2H3IO2, and Bi-iodacetic Acid, C2H2l202> 
have likewise been obtained. 

CH 

Thiacetic Acid, CoILOS, or CH,.COSII, or I 

O— C-SH. 

This acid, discovered bj^ Kekule, is formed l^y the action of phos- 
phorus pentasulphide on glacial acetic acid : 

5C2H30(0H) + P 2 S- = P 2 O, + 502^30(811). 

Ttiiacetic acid is a colourless liquid, boiling at 93 °; it smells 
like acetic, atdd and hydrogen sulphide. Wilh solution of lead 
acetate, it forms a cry.stalline precipitate containing Pb''((\,H30).,S,„ 

, . ( 8C2H3O - . - . 

Amidacetic Acid, or Glycocine, C^ 2 n-N 02 , or C 2 H 3 (NH 2 ) 02 , 
is forjiied by the action of ammonia on broriiaceticr or chloracetic 
acid : 


or Pb'^ 


C2H3CIO2 + 2NH3 


- NH4CI 


+ 02H3(NH2)02; 


also by the action of acids or alkalis upon animal substances, such 
as glue, hippuric acid, glycocholic acid, &c. From hipjniric acid it 
is formed, together with benzoic acid, according to the ecjuation : 


C,H,N 03 + H 2 O = C2H,N02 + C^HA* 

Glycocine forms hard transparent crystals, easily soluble in 
water, nearly insoluble in alcohol and ether. It combines with 
acids in different proi)ortions. With sulphuric acid it forms the 
compound (C2H5N02)2S04H2 ; and on addition of alcohol to a 
solution of this sulphate, a salt crystallising in rectangular j)risms 
is deposited, containing 3C2H;iN02.S04H2. Glycocine also forms 
saline compounds by substitution of metal for hydrogen; for 
example, C4HgCu''N204.H20, and CgITiAgNOg; it also combines 
with metallic salts, forming crystalline compounds, such as 
C2H^N02 . NOoK, and CgH^NOg. NOgAg. 

Nitrous acid converts glycocine into glycol lie or oxyacetic acid ; 

CoH 3 (NIl 2)02 + NO(OH) = ^H 3 ( 0 H )02 + Hfi + N2. 
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MethyUglycociney or SarcosinBy C3H7NO2, or C^H4(CH3)N02, 
isomeric with alanine (p. 683 ), is produced by digesting ethyl 
chloracetate with an excess of a concentrated aqueous solution of 
methylamine : 

CoHo(aH5)C10, + NH2CH3 + HgO = C2H,(CH3)(Niro)02 + 

HC 1 + C 2 H 3 ( 0 H). 

The same compound is formed by boiling creatine* with baryta* 
W’ater, The creatine splits into sarcosine and ur^, the latter 
being further ilecomposed into ammonia and carbonic acid. Sar- 
cosine crystallises in colourless rhombic jirisms, easily soluble in 
water; it is ditficultly soluble in alcohol, insoluble in ether, and 
has no action u])on vegetable colours. It combines w ith acids, form- 
ing soluble sails, W'hich have an acid read ion. The double salt of 
sarcosine with platinum tetrachloride crystallises in large yelloW’^ 
octobedront^ liaidng the coni] >osit ion 2 C 3 H.XO 2 . 2 HCl. PtCl 4+2 aq. 

C H 

Propionic Acid, Cyi^O., = C,IT, 0(011) = | '" . — This 

coon 

acid is ]>roduced : 1 . As a ]»otu«sium-salt, by the combination 
of carbon dioxide with ])otassiuiu - ethyl : CO., CbH-K = 
C 0 (C.,H 5 ) 0 K. 2, 13y the action of acids or alkalis on ethyl 

cyanide (p. 663), 3. By the simultaneous action of water and 

carbonyl chloride on ethane (p. 663). 4. By the oxidation of 

normal propvl alcohol (p. 594), and of j^^'opionic aldehyde, 
5.^ Together with acetic acid, by oxidising propione, 
C^H^qO, with dilute chromic acid. This is the process by which 
it was first obtained. 6 . From lactic acid — from which it differs 
only by containing one atom of oxygen less — by the action of 
hydriodic acid : 

+ 2H1 = C3H,02 + H 2 O + I 2 . 

7. Together w’ilh several other products, in the fermentation of 
glycerin, and likewise of sugar, by the action of putrid cheese in 
presence of calcium carbonate. 

Propionic acid is usually prejiared by the second of the above- 
mentioned processes. Ethyl cyanide is added by drops to a 
moderately strong solution of j)otash heated in a tubulated retort, 
the distillate being repeatedly poured back as long as it smells of 
ethyl cyanide. The residue in the retort, consisting of potassium 
propionate, is then evaporated down to dryness, an<l distilled with 
syrupy phosphoric acid. 

Propionic acid, when perfectly dry, crystallises in laminae, and 
boils at 140® It is soluble in water, and wdien the water is quite 
saturated with it, the excess of acid floats on the surface in the 


* See the chapter on Organic Bases. 
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form of an oil. Tt has a very sour taste, and a somewhat pungent 
odour. 

The propionates are soluble in water. The barium-salt, 
Ba"(C3lfA)2, yields propione by dry distillation. 

Propionic acid forms substitution -products with chlorine, 
bromine, and iodine. Chloropropionic acid, CgH^ClO^, does not 
appear to be formed by the action of chlorine on propionic acid ; 
but it is obtained by treating the calcium salt of lactic acid with 
phosj>horus nentachloride, whereby lactyl chloride or chloro- 
propionyl chloride, C3H4OIO.CI, is formed, and decomposing this 
chloride with water ; 


C3HiO(OH), + PCI3 = C3H4CIO.CI + PCI3O + H,0 
and : 

CatVdO.Cl + H2O = HCl + C3H4C10(0H). 

Chloropropionic acid is a liquid less volatile than ]>ropionic acid, 
and having the odour of trichloracetic acid. Nascent hydrogen 
converls it into j^ropionic acid. 

Brovu)j)ro2)ionic acid^ C^3H3Br02, produced by the action of 
bromine on jirojiionic acid, is converted by alcoholic ainiuonia 
into alanine, or amidopropioiiic acid : 

C3H,,Br02 + 2NII3 == C3H3(NH2)02 + Nlf^Br. 

Alanine, homologous with glycocine and isomeric with sarcosine 
(p. 682), is also produced by boiling a inixlure of aldehyde- 
ammojiia and hydrocyanic acid with dilute hydrochloric acid: 


C2H4O.NH3 + HCN + IICl + HgO = NH4CI + C3H7NO2. 


It forms rhombic prisms of a pearly lustre, easily soluble in 
alcohol, sparingly soluble in ether. Alanine, like glycocine, com- 
bines with acnds, bases, and salts. 

Nitrous acid converts alanine into lactic or oxy])ropionic acid, 
€411^03, the reaction being exactly similar lo that by which 
glycocine is converted into glycollic acid. 

Butyric Acid, C4Hg02=C4H70(0H). — This acid, as already 
observed, admits of two isomeric modifications, viz. : 


( CTT2CH2CH3 

C } O" " 

(OH 


NoiTOal butyric acid. 


CH(CH3), 

O" 

(oh 

Tsobutyric acid. 


The first, which may be regarded as propyl-formic or ethyl- 
acetic acid, is produced by oxidising normal butyl alcohol, 
CH2CH2CH3.CH2OH, with chromic acid, and by the action of 
alkalis on noiTOal propyl cyanide ; the second, which has the 
composition of isopropyl-forniic or dmiet by 1-ace tic acid, is obtained 
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by SLiuilar reactions from iaobutyl alcohol, CH(CH 3 ) 2 .CH 20 H, 
and isobiityl cyanide. 

Normal butyric acid is likewise formed : 

By the action of hydriodic acid on succinic acid, 

+ CHI - C.HgOg + 2H2O + I,. 

/3. Together with glycerin, by saponification of ordinary butter, 
which contains tributyriii, (C 3 H 5 )''''(OC 4 H 7 ()) 3 : 

(C,U,r\0C,U,0), + 3KOH - 3KC,H,02 + € 3 H 3 (OH) 3 . 

Ollier acids of tlie series are, however, formed at the same lime, 
which are (liificiilt to separate. 

y. By the fermentation of sugar in contact with putrid cheovse 
and chalk, calcium lactate being first formed in large quantity, 
aiul afterwards dissolveil and converted into butyrate, which may 
be decomposed by sulphuric acid, and distilled. The conversion 
of lactic into butyric acid probably takes place as >sliown l)y the 
e<j nation : 

2C3H3O3 = C,H302 + 2CO2 + 2H2. 

Normal butyric acid exists ready-formed in tamarinds and a 
lew other plants, in certain beetles, and in variouvs kinds of decom- 
posing animal and vegetable matter. 

Both modificaiions of butyric acid are colourless mobile liquids, 
dissolving in all proportions of water, alcohol, and wood-spirit. 
I’he derivatives of normal butyric acid have higher specific gravi- 
ties and boiling jioiiits than the corrcsjionding <lerivatives of iso- 
butyric acid : thus, 

Nonnal compounds. Iso-compounds. 

B. P. Sp ffr. at O'. B. P. Sp ffr. at O'. 

Acids, (C^HrO)OH 164^ 0*9817 154^^ 0*.9598 

Anhydrides, (aH^O),© 190^ — 180*5^ — 

Chlorides, C^Hj^OCl — — 92° — 

Ethyl-ethers, C^H^OiOC^H^) 119° 0*9()19 110 ° 0*8893 

Both acids have the odour of acetic acid, and also of rancid butter, 
but the smell of isobutyric acid is much less oftensive than that of 
the normal acid. 

The metallic butyrates are, for the most part, soluble in water 
and crystallisable. The calcium salt, Ca"(C 4 H 70 ). 2 , of the normal 
acid is more soluble in cold than in liot water ; the isobutyrate is 
more soluble in hot water than in cold. 

Ethyl butyrate^ C 4 H 7 O 2 .C 2 H 5 , is a liquid having a pleasant 
fruity odour ; it is sometimes used for flavouring confectionery. 
The isobutyrate is still more fragrant. 

Butyric acid, subjected to the action of dry chlorine^ is concerted 
first into dichlorobntyric acicl, C 4 H 6 (. 9202 , and afterwards 
into tetrachlorobutyric acid, C 4 H 4 CI 4 O 2 . Heated with 
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bromine in sealed tubes to 150°“-200®, it forms iiiouo- or di- 
bromobutyric acid, according to the proj)ortion 8 used. Di- 
broinobutyric acid is crystallisable. J'foriual monobroino-butyrif', 
acid is aii oily liquid, which does not solidify at ~ 15® ; isomoiio- 
bromobiityric acid is a crystalline mass, melting at 42®. 

Amidobutyric acid, C\Hj,N 02 , or C 4 H 7 (NH 2 ) 02 , is stxid to 
exist, together with its homologue, leucine or umidocaproic acid, in 
t he pancreas of the ox. 

Valeric or Valerianic Acid, = C-HoO(OH). — 

Thi® ‘^id admits of four iiietameric nioditications, namely, 

CH2CH2CH2CH3 CH2CH(CH3)2 CTI(CH3)(C2HJ 

ioOH COOH coon COOH 

rroi>yl-acctic. Isopropyl- acetic Mcthyl-etbyl acetic. Trimethj I- 

acetic. 

Tlie first and second are obtained by oxidation of normal ainylii 
and iso-amylic alcohol (p. 599) respectively, the tliird is not known, 
the fourth is produced from tertiary butylic alcohol or trimethyl- 
carbinoL 

Propyl -acetic or normal Valeric acid, C^Hy.COOH, is an 
oily liquid smelling like butyric acid, and boiling at 185®. 

Isopropyl-acelic or 1 suvaleric acid (ordinary valeric acid), 
occurs in valerian root, iu angelica root, in the berries of the 
guelder rose {Viburnum Opulns)^ and probably in many other 
plants. It is produced by the oxidation of ordinary amyl alcohol, 
either by absorption of atmospheric oxygen under the influence of 
platinum black, or by treatment with aqueous chromic acid, or by 
heating it with a mixture of caustic potash and quicklime, the 
reaction, in this last case, being attended with evolution of 
hydrogen : 

C 5 H 12 O + KOH - KC.Hj,02 + II 2 O + H 2 . 

The potassium salt, distilled with sulphuric acid, yields valeric 
acid. 

The most advantageous mode of preparing valeric acid, is to 
oxidise amyl alcohol with a mixture of sulphuric acid and potassium 
dichromate. 4 parts of the dichromate iu powder, 6 j>arts of oil of 
vitriol, and 8 parts of water are mixed in a cajiacious retort, and 
1 part of amyl alcohol is added by small portions, with strong 
agitation, the retort being plunged into cold water to moderate thi- 
violence of the reaction. When the change appeal's complete, the 
deep-green liquid is distilled nearly to dryness, the product mixed 
witn excess 01 caustic potash, and the aqueous solution separate<l 
mechanically from a pungent, colourless, oily liquid which floats 
upon it, consisting of amyl valerate. The alkaline solution is 
then evaporated to a small bulk, and decomposed by dilute sul- 
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phuric acid in excess. The greater part of the valeric acid then 
separates as an oily liquid lighter than water : this is a hydrate con- 
sisting of C 5 H 10 O 2 . HgO. When distilled alone, it undergoes 
decomposition : water, with a little of the acid, first appears, and 
eventually the pure acid, in the form of a tliin, mobile, 

colourless oil, having the persistent and characteristic odour of 
valerian root. It has a sharp and acid taste, reddens litmus 
.strongly, bleaches the tongue, and burns when inflamed with a 
bright, yet smoky light. Valeric acid has a density of 0*937 : it 
boils at 175°. Placed in contact with waler, it absorbs a certain 
quantity, and is itself to a certain extent soluble. 

Valeric acid is active or inactive to polarise<l light, accordingly 
as it has been prepared from active or inactive amyl alcohol. 
That which has been prepared from the active alcohol produces a 
right-handed rotation of 43° in a tul>e 50 centimett^rs long. The 
tlifference between these two acids, like that of the alcohols from 
which they are derived, is probably due to difference rather of 
molecular than of atomic arrangement (p. 601). 

The metallic valerates are not of much im]>ortance ; stweral of 
them are cry stalli sable. The silver-salt contains AgC.HgOg. A 
'^idution of potassium valenite, subjected to electrolysis, yields 
dibutyl, (p. 546). 

Ethyl valerate^ OoHr, . Cv^HgOo, is f)btained by passing hydro- 
( hloric acid gas into an alcoholic solution of valeric acid. Am- 
monia converts it into valeraniide, CfiHnONHg. It is decomposed 
by sodium in the same manner as ctnyi acetate (p. 677), yielding 
sodium ethylate and the sodium salt of an acid, C^^HogO^: 

4Na + 3 (Cl 2 H,.C,ng 02 ) = SNaOC^H, + 

Chlorovalkutc Acids. — Trichlorovaleric acid^ C^H^ClgO^, ob- 
tained by tlie i)rolonged action of chlorine on val(^rlc acid in the 
dark, aided towards the end of the process by a gentle heat, is an 
oily liquid, becoming very viscid at 18°, perfectly mobile at 30°. 
In contact with water it forms a very viscid hydrate, which sinks 
to the bottom. It dissolves in aqueous alkalis, and is precipitated 
by acids in its origimil state. 

Teirachlorovaleric acid, C-IIgCl 402 , is the ultimate product of 
the action of chlorine on the preceding substance, aided by ex- 
posure to the sun. It is a semifluid, colourless oil, destitute of 
odour, of powerful pungent taste, and heavier than water. It can 
neither be solidified by cold nor distilled without decomposition. 
In contact with water, it forms a hydrate containing CV,HgCl 402 .H 20 , 
which is slightly soluble in water, easily soluble in alcohol and 
ether. 

Caproic Acid, CgHigOg -= CcHiiO(OH) ^ C.Hu.COOH.— 
This acid is produced by the action of alkalis on amyl cyanide, 
CgH.jCN (p. 664); also as a sodium-salt, by the action of carbon 
dioxide on sodium-amyl : COg+NaC^Hii = . COONa. It 



OAPROIO ACID. 


G87 


occurs as a glyceride in the butter of cow^s milk, and abundantly 
in cocoa-nut oil; it is a not imfrequent product of the oxidation 
of fatty acids of higher atomic weight, and is produced by the oxida- 
tion of poppy oil and of casein. It may be prepared from cocoa-nut 
oil by saponifying the oil with strong soda-ley, and distilling the 
soap with dilute sulphuric acid. The distillate contains caproic 
and cai)rylie acids, and, when neutralised with baryta and 
ivapoi‘ated, yields, first crystals of barium caprylatc, and after- 
vds verucose crystals of the caproate, which, when decomposed 
by sulj)huric acid, yield caproic acid. 

Caproic acid is a clear mobile oil of sp. gr. 0*931 at 15°, having 
a suctorific odour and pungent taste. The acid prepared from 
amyl cyanide solidifies at — 9°, boils at 195°, and is active to 
j^olarised light. That from cocoa-nut oil boils between* 202° and 
209° (perhajjs owing to admixture of caprylic acid), and is opti- 
cally inactive. 

The metallic caproates are soluble and crystalli sable. A strong 
solution of the potassium-salt, subjected to electrolysis, yields 
diamyl, CjqH^^ (p. 546). The silver-salt, AgCgHuOg, is nearly 
insoluble in water, and crystallises in broad plates, l)ut is little 
altered by exposure to light. 

The ])rimary octylic ether of caproic acid, . CgHuOg, is one 
of the constituents of the volatile oil of Hemdeum s 2 >hondylium (p. 
608). The acid, Cgn.202, obtained from it, is an oily liquid, boil- 
ing between 200° an(l 205°, solidifying at aI)out — 10° to a white 
mass; it appears to be identical with the caj)roic acid of natural 
fats, but dilfers in some respects J'rom that j)req)ared from amyl 
cyanide, ^. (/., in the characters of its silvef-salt. 

Amido(?apr(>ic Acid, or Leucine, CgH^^NOgOr 112)02, 

has iK^t been obtained directly from any derivative of cai)roic acid, 
but is juoduced by digesting together valeral-ammonia, hydrocyanic 
acid, and hydrocliloric acid, the reaction being analogous to that 
by which alanine is jirepared 1^0111 the ammonia cumi)0und of 
acetic ahlehyde ; 

C,H,oO.NH3 + Cmi -f HCl + H 2 O = C,IIi3N02 + NII,C1. 

Leucine is also formed by the decomposition of animal sub- 
stances, such as glue, horn, wool, &c., during jmtrefaction, and by 
the treatment of these substances with acids or alkalis. It was 
first discovered in putrid cheese ; more :fecently it has been found 
in several parts of the animal organism. Leucine crystallises in 
while shining scales, which melt at 100°, and may lie sublimed 
without decomposition ; it is but little soluble iu water, still less in 
alcohol , insolii ble in ether. When heated with caustic baryta, it split s 
into carbon dioxide and amylamiiie; (^^Hi 3 N 02 = CbrijaN-j-COg. 
It unites with acids, bases, and salts. Treatment with nitrous acid 
converts it into leucic acid, 0^11, ^Oo, homologous witli lactic and 
-lycollic acids. > o u 3, 
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CBnanthylic Acid, C 7 H ,402 = 0 ^ 11 , 30 ( 011 ) = 

COOH. Tliis acid is produced Irom oeruintaol, or oenanthyhc 
aldehyde, C7HJ4O (a liquid obtained by the dry distillation of 
castor-oil), by oxidation in the air, or with nitric acid or with 
chromic acid"; also by oxidation of castor-oil with nitric aci<l. 

(Enanthylic acid is a transparent colourless oil, having an un- 
pleasant odour like that of codfish. It boils, according to Streckcr, 
at 212°. It is insoluble in water, but soluble in alcohol and ether. 
When heated with baryta, it gives olf sexi ane or hexyl hydride, 
the baryta abstracting carbon dioxide : C»Hj402 == 

CnH.A, The i)otassium-salt subjected to electrolysis, yields 
dihexyl C,2H2,. 

Oaprylic Acid, CyHjg02 = C8H4^jO(OH), occurs as a gly- 
ceride in tlie butter of cow\s milk and in cocoa-nut oil; H is also 
found in several kiinls of fusel-oil, partly free, partly as an ethylic 
or aniylic ether. It is best prex>ared by saponification of cocoa-nut 
oil ; its barium-salt being very sparingly soluble, is easily sepa- 
rated from the barimn-salt of caproic acid formed at the same 
time. 

Caprylic acid has a faint but unpleasant odour, especially Avhen 
warmed. It solidifies at 12°, melts at 15°, and boils at 236°-238°. 
When boiled with nitric acid, it is converted into nitrocaprylic 
acid, C\Hi,(N 02)02, 

Primary octyl alcohol, CsHigO, obtained from Ileracleum oil 
(p. 608), yields by oxidation wuth chromic acid an acid CgHi^Og, 
solidifying at 12°, melting at 16-17°, boiling at 234-238°, and doubt- 
less identical with the caprylic acid of natural fats ; but the primary 
octyl alcohol obtained froiri octane yields by oxidation an acid 
CglligOg, isomeric with the above, inasmuch as, when floating on 
water, it remains liquid at 0°. 

Pelargonic Acid, = CglL^OfOH), w^as first ob- 

tained from the leaves of the geranium {Pelargonium roseicm)^ in 
which it exists ready formed. It may be procured in large quantity 
by the action of nitric acid upon the essential oil of rue (which 
contains the two aldehydes, Cj^HggO and C12II24O) ; also, togetlier 
with several acids of the fatty series, by the action of boiling 
nitric acid on oleic acid. It is a Ihpiid having a slightly un- 
pleasant odour, and boiling .at 260°. 

Ethyl pelargonatej may be easily produced ]>y 

dissolving the acid in strong alcoliol, and passing a current of 
hydrochloric acid through the Sf)lution. It is a liquid of specific 
gravity 0*862, and boiling at 250° It has a powerful anil most 
intoxicating vinous odour. 

The aroma possessed by certain wines appears to be due to the 
presence of the ether of pelaigonic acid, which, in this cnse, is 
probably generated during fermentation. When such Avines, or 
the residues their fermentation, are distilled on the large scale, an 
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oily liquid passes over toward? he close of the operation, which 
consists, in a great measure, of tiie crude ether : it may be purified 
by agitation with soludtm of potassium carbonate, freed from 
water by a few fragments of calcium chloride, and redistilled. 
The pelargonic ether obtained by this j)rocess was originally 
described as cunanthic ether, and the acid as oeiianthic acid. 

An acid, C 9 HigO^, called by its discoverers nonylic acid, is 
obtained by the action of boiling alcoholic potash on primary octyl 
cyanide, CN, prepared fn)m the octyl alcohol of Heraclemn 

oil (p. 608). This acid boils at 253-254°, and its ethylic ether at 
227-228°. From its origin, it appears to be normal pelargonic 

ctui-d. 

Rutic or Oapric Acid, C19H20O2. — This acid exists as a 
glyceride in ordinary butter and in cocoa-nut oil; it occurs also in 
several kinds of fusel-oil, and is formed by the oxidation of oleic 
acid and of oil of rue. It may be obtained pure and in tolerable 
([uantity from the liquid which remains in the distillation of the 
fuscl-oii of the Scotch distilleries (p. 603) after the amyl alcohol 
has been distilled off at 132°. This residue consists chiefly of 
amyl ruiate, and when distilled with potash 

gives off amyl alcohol and leaves potassium rutate, from which 
the rutic acid may be obtained by distillation with sulphuric 
acid. 

Rutic acid is a colourless crystalline body, having a slight odour 
of the goat, becoming stronger when the acid is warmed. It melts 
at 27°-30°, is very soluble in cold alcohol and ether, insoluble in 
cold water, slightly soluble in boiling water, and dissolves without 
alteration in strong nitric acid. 

The metallic rututes are mostly sparingly soluble in water. 
The barium salt, Ba"(C] 9 X 1 ^ 902 ) 2 , separates from solution in boiling 
water in needle-shaped or large juismatic crystals which float on the 
water if not moistened. 

Laurie Acid, Ci2H240^ occurs as a glyceride (laurostearin) 
in the fat of the bay-tree (Laurus nohilis), and in the solid fat and 
volatile oil of pichuriin beans {Fahce Pichurim maj.). It is X)re- 
pared by saponifying these fats with caustic alkali, and decompos- 
ing the resulting soap with tartaric or hydrochloric acid. It like- 
wise occurs, together with other fatty acids, or their glycerides, in 
cocoa-nut oil and the oils or fats of several other plants, also in 
spermaceti; and is separated from the mixtures of fatty acids 
resulting from the saponification of these substances by a compli- 
cated process of fractional precipitation with barium and mag- 
nesium salts, into the details of which we cannot enter.* 

Laurie acid is insoluble in water, but dissolves easily in alcohol 
and ether, and crystallises from alcohol in white, silky needles, 
which melt at about 43°, 

♦ See Watts’s Dictionary of Chemistry, vol. iii. p. 474 . 

^ 2 X 
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The laurates of the alkali-metals and of barium are soluble in 
water; the other salts are insoluble or sparingly soluble. The 
calcium salt Ca'^(Ci2H2302)2) is resolved by distillation into calcium 
caibonate and laurostearonc : 

Ca'XOigH^sO^)^ = Ca"C 03 + 

Myristic Acid, C14H28O2. — This acid occurs as a glyceride 
in nutmeg-butter and Otoba fat ; also, together with lauric acid 
in Dika bread, the fruit of Mauyifera gabo7ien8iSy an African tree ; 
and, together with other fatty acids, in cocoa-nut oil and spermaceti. 
It may be produced from crude ethal (cetyl alcohol) by heating 
with a mixture of potash and lime, its formation being doubtless 
due to the presence of methal or myristic alcohol, Ci4ll3()0, in the 
crude ethal (p. 610 ) : 

C14H30O + KHO - -f 2H. 

Lauric acid is likewise produced by a similar process from crude 
ethal, doubtless because that substance also contains lethal or lauric. 
alcohol, CigHggO. 

Pure myristic acid is most easily obtained by saponification of 
Otoba fat (ivomMyristica Otoha). It forms white, shining, crystal- 
line lamin®, melting at 53 ' 8 ® It is quite insoluble in water and 
in ether, but dissolves easily in hot alcohol, and crystallises there- 
from on cooling. 

The myristates of the alkali-mehils, KC\4H2702, &c., are soluble 
in water, and not decomposed thereby (like the stearates). The 
other myristates are insoluble or sparingly soluble, and are 
obtained by precipitation. 

Myristm (03Hr,)"XC^i4ll27^2)3> glyceride of myristic a(*id, is 
obtained by j)ressing nutmegs between hot plates, exhausting the 
crude fat thus obtained with spirits of wine, and crystallising the 
undissolved portion from boiling ether. It is a crystalline fat 
having a silky lustre. 

Palmitic Acid, C^o^32^2' — This acid occurs as a glyceride 
(trij^almitin) in many natural fats, often associated with stearin. 
Palm-oil, the procluce of Elais guianensisj Chinese tallow, the 
j)roduce of the tallow-tree {Stilliiujia sehifera), and Japan wax, 
from Elms succedanea, consist mainly of tripalinitin. Palmitic 
acid is easily prepared by saponifying palm-oil with caustic potash, 
decomposing the soap with sulphuric acid, and crystallising the 
separated fatty acid several times from hot alcohol till it exhibits 
a constant melting-point. Chinese tallow may be saponified with 
alcoholic potash, and Japan wax by fusion wdth solid potassium 
hydrate, and the soap treated in a similar manner. 

Palmitic acidexisis also as cetyl pal mi tate (cetiri), Oif}H33. 04^.113^02, 
in speimaceti, andasmyricylpalniitate(melissia), 03(,HQ4.C4gH3i02, 
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in bees’-wax. It is produced, together with acetic acid, by melt- 
ing oleic acid, with potassium hydrate : 

+ 2 K 0 H = + KC2H3O2 + Hg. 

Palmitic acid is a colourless, solid body, without taste or smell, 
lighter than water. It is insoluble in water, but dissolves 
abundantly in boiling alcohol or ether. The solutions are acid, 
and when concentrated, solidify in a mass on cooling. When 
dilute they yield the acid in tufts of slender needles. It melts at 
62 °, and solidifies on cooling in a mass ofsliining nacreous laminae. 
When heate<l in a dish, it boils and evaporates without residue, 
and may be distilled almost without change. When gently heated 
in the air, it is but slightly altered, but at higher temperatures it 
takes fire, and burns with a bright smoky flame like other fats. 
It is attacked by chlorine at 100°, giving off hydrochloric acid, and 
forming oily substitution-products. Heated with alcohols, it forms 
compound ethers. 

Palmitic acid forms normal or neutral salts, having the compo- 
sition MC^eH3^02 for univalent, and M''(Cjp,H.j^02)2 for bivalent 
metals, and with the alkali-metals also, acid salts analogous to the 
acid acetates. The normal palmitates of potassium and sodium 
are soluble in water and alcohol ; the rest are insoluble, and are 
obtained by precipitating a metallic salt with an alcoholic solu- 
tion of sodium or potassium palmitate. 

Ethyl palmitate, C2H5.CjjjH3i02, obtained by passing hy<lro- 
chloric acid gas into a saturated alcoholic solution 01 palmitic acid, 
crystallises in prisms, and melts at 24 °. 

Glyceryl palmitates, or Palmitins. — There are three of 
these ethers — \i 7 „,Monopalmitin (C3H5)'"(0H)2(C^H3j.02), dipalmi- 
tin (C3Hc)'"(OH)(C,^H3i 02)2, and tripalmitin (CylgrXCjgHaiOgb. 
The first and second are obtained by heating palmitic acid with 
glycerin in sealed tubes ; the third by heating a mixture of 1 part 
of monopalmitin and 10 parts of palmitic acid to 250 ° for twenty- 
eight hours. They are all crystalline fats. Tripalmitin thus 
obtained melts at 46 °. Natural palniitin, obtained from palm-oil 
and other fats, has the comj/osition of tripalmitin, but exhibits 
three isomeric (or rather allotropic) modifications (like those of 
stearin), melting respectively at 46 °, 61 * 7 °, and 62 - 8 °: the first 
appears to be identical with artificial tripalmitin. 

Palm-oil comes chiefly from the coast of Africa. It has, when 
fresh, a deep orange-red tint, and a very agreeable odour; the 
colouring matter — the nature of which is unknown — is easily 
destroyed by exposure to light, especially at a high temperature, 
and also by oxutising agents. The oil melts at 27 °. By cautious 
pressure it may be separated into fluid olein and solid palmitin, 
which, when purified by crystallisation from hot ether, is perfectly 
white. By keeping, palm-oil seems to suffer a change similar to 
that produced by saponification : in this state it is found to con- 
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tain traces of glycerin and a considerable quantity of oleic acid, 
together with palmitic acid. The oil becomes harder and rancid^ 
and its melting point is raised at the siime time. ^ 

Acid, 0,7113402. — This name was formerly applied 
to an acid, intermediate between stearic and palmitic acids, sup- 
posed to be produced, together wdth othei^s, by 1 \e saponification 
of natural fats ; but it is now restricted, for reiisons to be pre- 
sently mentioned, to an acid prepared by a definit*' reaction — viz., 
by the action of boiling alcoholic potash on cetyl i ^anide : 

^iG^ 33 p^ "1“ KOH -f- H2® ~ "h ^0^7113302 . 

The solid potassium salt thus obtained is decomposed by boiling 
dilute hydrochloric acid, and the senarated margaric acid is i)urr 
fied hy precipitating its animoniacal solution with barium chlo- 
ride, decomposing the precipitate with hydrocliloric acid and 
ether, sepai-a ting the ethereal solution by means of a pipette; and 
distilling off the ether. It forms white/crystals, melting at 59*9°, 
and is intermediate in all its properties Ixitween paknitic and 
stearic acids. 

The so-called margaric acid, obtained by the saj)onification of 
natural fats, and regarded by Chevreul* and many other chemists, 
as a distinct acid having the composition 017X13^02. has been shown 
by Heintzt to be a mixture, resolvable into stearic arid and othei* 
fatty acids of lower melting j)oint, chiefly palmitic acid. Such 
mixtures of solid fatty acids, or of the corresponding glycerides, 
cannot be completely resolved into their (constituent fats by crys- 
tallisation from alcohol, ether, or other solvents, which was the 
method of separation resorted to in the earlier investigations. 
The only effectual method of separation is to subject the alcoholic 
solution of the acids to a series of fractional jn'ecipitations with 
acetate of lead, barium, or magnesium, the stearate then separat- 
ing out firvSt. 

Stearic Acid, ^i8H3pP2* — This acid was discovered by 
Chevreul as a constituent of tlic more solid fats of the caiiimal 
kingdom. It is most abundant in these, especially in beef- and 
uiutton-suet ; but exists also, together with palmitic, niyristic 
acid, &c., in the softer fats, such as the butter of cow’s milk, 
human fat, that of liie goose, of serpents, of cantliarides, and in 
spermaceti. It occurs also in vegetable fats, especially those of 
cacao-beans, of the berries of Coccuhts iiidicus, and in shea-butter, 
obtained from the nuts of Bassia BarJeii, a tree growing in West 
Africa. In all these fats it occurs as a glyceride, but in that of 
cocculus grjiins also in the free state. * 

Stearic acid is prepared from beef- or mntton-suet, or better 

* Bechcrches sur lea emys gras (Torigim animal e. Paris, ] 823. 

+ For references to Heintz's memoirs, see Gmeliii’s Handbook, vol. xvi. 

1). 343. 
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from cacao-fat, by saponifying the fat with soda-ley, heating the 
soap-paste with water and dilute sulphuric acid, removing the 
separated fatty acids after cooling, washing them with water, and 
then dissolving them in as small a quantity as possible of hot 
alcohol. On cooling, the greater j^art of the solid acid separates 
out, while the oleic acid remains in solution, and may be sepa- 
rated by subjecting the mass, after draining, to strong pressure, 
redissolving the residue in a small quantity of alcohol, leaving it 
to separate by cooling, and again pressing the solid mass. From 
the mixture of solid fatty acids thus obtained, the stearic acid may 
be separated, in a comparatively pure state, by repeated crystal- 
lisation from considerable quantities of alcohol, only the portion 
which first separates being each time collected. But to obhiin 
pure stearic acid, it is better to dissolve the impure stearic acid 
(4 parts), melting at about 60°, in such a quantity of hot alcohol 
that not hing Avill sej)arate out on cooling, even to 0°, and mix the 
hot liquid with a boiling ahtoholic solution of magnesium acetate 
(1 ])art). The magnesium-salt which se]:)arates on cooling, is pressed 
and boiled for some time with a large quantity of dilute hydro- 
chloric acid, and the stearic acid thereby separated is repeatedly 
crystallised from alcohol, till it melts constantly at 69° to 70°. 

Stearic acid is also easily jireywired from the fat of cocculus- 
berries, which consists mainly of stearin, by sai)onifying it with 
potash, &c. According to Buff and Oudemanns, the best material 
for the pre])aration of stearic acid is shea-butter, which contains 
about 70 i)er cent, stearic, and 30 per cent, oleic acid, but no other 
solid fatty acid. 

On the large scale, impure stearic acid is prepared for the manu- 
facture of si eai in -candles, by sajxmifying sojiie of the harder fats, 
generally with lime. The resulting lime-soap, decomposed by 
suli)huric acid, yields a iiiixtnre of fatty acids, which are pressed, 
first ill the cold, and afterwards at a higher tem])erature, in order 
to separate the oleic acid from the less fusible j)alniitic and stearic 
acids. Another method, applied chiefly to paliii-oil, consists in 
decomposing the fat with su]>ei*-heated steam, as described under 
Glycerin (ji. 625). A third method consists in treating the fat 
with sulphuric acid, and distilling the product. 

Pure stearic acid crystallises from alcohol in nacreous lamina) 
or needles ; it is tasteless and inodorous, and has a distinct acid 
reaction. At low temperatures it is heaver than water, having a 
specific gravity of I'Ol at 0°; but between 9° and 10° its specific 
gravity is the same as that of water. It melts at 69°-“69*2° to a 
colourless oil, which on cooling solidifies to a white, fine, saily, 
crystalline mass, lamino-crystalline on the fractured surface. 
When heated it distils, for the most part, without alteration. 
Chlorine converts it into chlorostearic acid, CjgH35C102. Heated 
with bromine and water in a sealed tube, it is converted into bro- 
mostearic acid, C.\gH 3 .Br 02 , and dibromostearic acid, CigH 34 Br 202 . 
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Stearates. — Stearic acid dissolves in a cold aqueous solution 
of alkaline carbonate, probably from formation of acid carbonate^ 
and does not expel the carbonic acid and form a mono -acid salt, 
till heated to about 100 ° On the other hand, the stearates are 
decomposed by most other acids, the separated stearic acid risii\g 
to the surface as an oil when the liquid is wann. The stearates 
liave the consistence of hard soaps and plasters, and are mostly 
insoluble in water. The norrrml potassium-salty KCigHg^O^, sepa- 
rates on cooling from a solution of 1 part stearic acid and" 1 i>art 
potassium hydiate in 10 parts of water, in white opaque granules. 
The acid salty CigH^^O^jy is obtained by decomposing 

the nonnal salt with KXM^ parts or more of water, ai: I separates 
in silvery scales from solution in boiling alcohol. Normal sodium 
stearatCy NaCjgHg-O.,, is very much like the potassium-sfilt, but 
harder. The acid salty NaOjgII 3 .jO 2 .Cj 8 H 3 j.Ojj, obtained by decom- 
posing the normal salt with 20(K) parts or more of water, separates 
from the hot solution in nacreous lamina?. The stearates of the 
earth-metals and heavy metals are insoluble in water, and are 
obtained by precipitation. 

Soaps consist of mixtures of the sodium or polassimn-salts of 
stearic, palmitic, oleic, and other fatty or oily acids, and are pro- 
duced by saponifying tallow, olive oil, and other fats with caustic 
alkalis. The soda-soaps are called hard soaj>s: they separate 
from the alkaline Ufpior, on addition of common salt, in hard, 
unctuous masses, which are the soaps in common use : this mode 
of separation is called salting oitL The potash-soaps, on the other 
hand, caimot be thus separated ; for on adding salt to their solu- 
tion, they are decomposed and converted into soda-soaps; but 
they are obtained in a semi-solid state by evaporating the solution. 
The products, called soft soaps, always contain a considerable 
excess of alkali, and are used for cleansing and scouring when a 
powerful detergent is required. 

S teari c ethers are formed by heating stearic acid with alcohols, 
monatomic or polyatomic. Ethyl stearate, OgHg . C.gHgrPg, is 
most easily obtained by passing hydrochloric aci(t gas into 
an alcoholic solution of stearic acid. It resembles white wax, 
is inodorous and tasteless, melts at 30°, and cannot be dislille<l 
without decomposition. It is readily decomposed by boiling 
with caustic alkalis. There are three glyceryl stearates or 
stearins, analogous in composition to the ])almitins : Monostearin 
* (C 3 H-)'"(OH) 2 (Cj 8 H^P 2)9 prepared by heating a mixture of e<jual 
pails of stearic aciu and glycerin to 200° in a sealed tube for 30 
hours, forms very small white needles, melting at 61°, and solidi- 
fying again at 60° — IMstearin (C 3 Hjj)'" 0 H(Cj 8 Ho 502 ) 2 » obtained by 
heating monostearin with 3 parts of stearic acid to 260° for three 
hours, forms white microscopic lamince, melts at 58°, and solidifies 
at 55°. — TristeariUy (C 3 H 5 y''( 0 j 8 H 3502 ) 3 , is prepared by heating 
nionostearin with 15 to 20 times its weight of stearic acid to 270° 
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for three hours in a sealed tube ; also from various solid natural 
fats by solution in ether and repeated crystallisation from the hot 
solution. It crystallises in masses of white pearly lamince or 
needles, inodorous, tasteless, neutral, and volatilising without 
decomposition under reduced pressure. Both natural and arti- 
ficial tristearin exhibit three isomeric or allotropic modifications. 
Stearin, separated ^rom ether, melts at 69*7®; but if heated to 
73 7"^ or higher and then cooled, it does not solidify tiU cooled to 
51 '7° It then melts at 52'', and if heated a few degrees higher, 
])\sso^- ‘iito a third modification, which does not melt below 64*2°. 

Aracliidic Acid, CooILQ02,is a fatty acid obtained by sa])oni- 
fication of oil of earth-nut (Arachis hypogcea). It crystallises in 
very small, shining scales, melts at 75°, and solidifies again at 
73*5° to a radiated crystalline mass. It is but slightly soluble in 
cold alcohol of ordinary strength, but dissolves easily in boiling 
absolute alcohol and in ether. 

The silver-salt^ ^ white precipitate, which 

se 2 )arates from boiling alcohol in slightly lustrous j)risins, not 
altered by exposure to light. Ethyl arachidate, CgHg. 
is a crystalline mass, melting at 52*5° Berthelot has obtained 
three glyceryl arachidates or arachins, analogous to tlie stearins, by 
heating the acid with glycerin in sealed tubes. 

Benic or Behenic Acid, C 20 H 44 O 2 , is obtained, together 
wdth other acids, by saponification of oil of ben, the oil expressed 
from the fruits of Moringa Nux Behen. It is a white crystalline 
fat, melting at 76°, and solidifying at 70°. 

Cerotic Acid, 0^7115409. — This acid is the essential consti- 
tuent of cerin^ the portion of bees'- wax which is soluble in boiling 
alcohol. It is pre])ared by heating the wax several times in suc- 
cession with boiling alcohol, till the deposit which forjiis on cool- 
ing melts at 70° or 72°, and may be further j^urified by precijutat- 
ing it from the boiling alcoholic solution with lead acetate, 
decomposing the preciiutate with strong acetic acid, and crystal- 
lising the sej)arated aci(l from boiling alcohol. Cerotic acid is also 
produced by the dry distillation of Chinese wax, which consists of 
ceryl cerotate, . C 27 H 5 ;P 2 ? melting that substance with 

potash, and decomposing the resulting potassium-salt w*ith an acid 

(p. 611). 

Pure cerotic acid crystallises in small grains, melting at 78°, 
and distilling without alteration. Chlorine converts it into chlo-^ 
rocerotic acid, C 27 H 42 CI 12 O 2 , a thick transpaieiit gum of a pale > 
yellow colour. 

Ceryl cerotate, or Chinese wax, is produced on certain trees in 
China by the puncture of a si)ecies of coccus. It is crystalline, of 
a dazzling whiteness, like spermaceti, melts at 82°; dissolves in 
alcohol ; yields cerotic acid and cerylene, C 27 H 64 , by diy distilla- 
tion. It is used in China for making candles. 
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Melissic Acid, C3(,H^02, the highest known member of the 
fatty series, is obtfiined by neating myricyl alcohol (p. 611) with 
potash lime : 

^ 3 oH(j 202 -f- KOH = KC3QH30O2 + 2^2 

It teal's considerable resemblance to cerotic acid, but melts at a 
higher temperature, viz., at 88^ or 89^ The silver-saH, AgC30H,,0O.>, 
is a white precipitate. 


Monatomic Acids of the Series CnH2n-~202. — Acrylic Series. 

This series comprises two isomeric groups of acuds: the one con- 
sisting of acids occurring in the vegetable or animal organism, or 
obtained from natural products by special processes ; tbe other of 
acids formed by a general synthetical process : we shall designate* 
the acids of the first group as normal acrylic acids, those of 
the second as isoacrylic acids. 


Normal Acrylic Acidic. 


The following are the known acids of this group : — 


Acrylic acid, 
Crotonic acid, , 
Angelic acid, 
Pyroterehic acid, 
? Damaluric acid, 

? Daniolic acid, . 
Moringic acid, } 
Ciniicic acid, ] 


C3 H4 O2 Physetoleic acid, ^ 
C4 Hq O2 IIyi)oga)ic acid, , 
C5 Hg O2 Gaidic acid, ; 
C3 Hiq 02 Oleic acid, ) 

Cy HJ2O2 Elaidic acid, ) 

C13II24O2 Ooeglic acid, . . 

n TT n Brassic acid, \ 

^15^28^2 Erucicacid, / * 


CAO, 

^^ 19 ^ 36^2 


Most of these acids are oily licpiids. When fused with 
potassium hydrate^ they yield the potassium-salt of acetic and of 
another acid of the fatty series, with elimination of hydrogen, 
tlms ; 


C3H4O2 + 2KOH = C2H3KO2 + CHKO2 

Acrylic Acetate. Formate, 

acid. 


Anf^elic 

acid. 

Oleic acid. 


+ 2 KOH = CgHaKOg + CsH^KO^ 

Acetate. Propionate. 

+ 2KOH = C 2 H 3 KO 2 4- 

Acetate. Palmitate. 


Generally : 


+ H, 

4 H, 
+ H, 


C»H2n-202 + 2KOH = CgHaKOa 4- C„_aH2n-6K02 + 
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They are also converted into fatty acids by the action of nascent 
hydrogen ; e.g., crotonic into butyric acid, C 4 Hg 02 - 

Acrylic Acid, C3H4O2, is produced by the oxidation of its 
aldehyde, acrolein, C 3 H 4 O, with moist silver oxide. It is a colour- 
less Liquid, having a slightly empyreumatic odour, and miscible 
in all propoiiiions with water. Its salts resemble the formates and 
acetates, and are for the most part very soluble in water. 

Acrylic acid is converted by nascent hydrogen into propionic 
acid, CoHgOo, and by bromine into dibromopropionic acid, 

03H4Br202. • 

Crotonic Acid, C 4 HQO 0 , is produced by treating chloracetic 
acid with chlorethylidene and metallic silver : 

C 2 H 3 CIO 2 + C 2 H 3 CI + Ag 2 = 2AgCl + C.^4H302 

It was formerly said to be formed by saj^onifi cation of the oil of 
Croton Tiglium; but from recent experiments by Geiither, it appears 
that this process does not yield any acid having the composition, 
C 4 Hg 02 , but only acetic .acid, with two or three of its hoiiiologues, 
and some of the higher members of the acrylic series. 

Crotonic acid is an oily liquid, having a somewhat pungent 
odour and an acrid taste, moderately solul)le in pure water, in- 
soluble in saline water. He«ated with potassium hydrate it gives 
off hydrogen and forms two molecules of potassium acetate : 

C4Hg02 + 2KOH = 2 C 2 H 3 KO 2 + Ilg. 

Angelic Acid, C^HgOg, exists in the root of the .archangel 
{Angelica arcliangelica)^ and in sunibul or moschus root, a drug 
imported from Asia Minor, and probably also belonging to an 
umbelliferous plant. It is obtained from archangel -root, l)y boil- 
ing the root with lime and water, and distilling the strained and 
concentrated liquid with dilute sulphuric acid. It is also produced 
by heating the essential oil of chamomile, whicli consists of 
angelic aldehyde together with a hydrocarbon, with j)otassium 
hydrate : 

CgHgO + KOH = C.IIyKOg + Hg. 

Also, together with oreoselin, by treating peucedanin or impera- 
torin (a neutral substance contained in the root of Im2)eratoria 
Ostruthiurn, and some other umbelliferous plants), with alcoholic 
potash : ♦ 

Ci2Hi 203 + KOH = C,H,K02 + CVHgO^ 

Peucedanin. Potassium Oreoselin. 

angelute. 

Angelic acid crystallises in long juisms and needles, melts at 
45°, boils at 190°, and distils without decomposition. It has an 
aromatic taste and odour, dissolves sparingly in cold, abundantly 
in hot water, also in alcohol and ether. 
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The angelates of the alkali-metals are soluble in water and in 
alcohol. Calcium angelate^ Ca".(C5H702^.aq., forms shining, very 
soluble lomincB. The lead-salt j Pb"|C«H702)2, is a white precipitate. 

Potassium aiigelate treated with phosphorus oxychloride yields 
angelic oxide, or anhydride, (051170)20, which isa viscidunciystal- 
lisable oil, boiling at 240°. 

Pyroterebic acid, CgHj^Og, is produced by dry distillation 
of terebic acid, C7HJ5O4 (one of the products of the action of nitric 
acid on turpentine oil. It is a liqiud, boiling at 210°. — Damalu- 
ric acid, C7Hj202, and Damolic acid, Ci^H2402, are volatile 
acids, said to exist in the urine of cows and horses.— Moringic 
acid, Cj5H2a02, is an oily acid obtained, together with palmitic, 
stearic, and benic acids, by the saponification of oil of ben (p. 695). 
— Cimicic acid, is a yellow crystallisable acid, having a rancid 
odour, extracted by alcohol and ether from a kind of bug (Rhaphi- 
gaster piunctijiennis). 

Hvpogseic Acid, is contained, as a glyceride, 

together with paliriitin and aracnin, in oil of earth-nut (Arachin 
hypogcea). To obtain it, the mixture of fatty acids obtained by 
saponifying the oil, is dissolved in alcohol ; the palmitic and ara^dii- 
dic acids are })rocipitated by ammonia and magnesium a(;etate ; 
the filtrate is mixed with ammonia ami lead acetate ; the lead pre- 
cipitate is decomposed by hydrochloric acid; and the separated 
hypogseic acid is diswsolved out by ether. It is also produced by oxi- 
dation of axinic acid (CjgHgsOg), an acid obtained by saponification 
of age or axin^ a fatty substance contained in the Mexican plant 
Coccus Axiri , — Hypogocic acid crystallises from ether in stellate 
groups of needles, melting at 34° or 35°, easily soluble in alcohol 
and ether. Its jwtassium and sodium salts are soluble ^n water, 
the barium salt soluble in hot, insoluble in cold water; the 
copper and silver salts are obtained by precipitation. The ethylic ether ^ 
C2H5.C10H29O9, isa yellow oil, not volatile without decomposition. 

Nitrous acid converts hypogseic aci<l into the isomeric or allo- 
Iropic compound, Gaidic acid, related to it in the same manner 
as elaidic acid to oleic acid. It forms a colourless crystalline mass 
M^hich melts at 38°. 

Physetoleic acid, a crystalline acid obtained from sperm- 
oil; is isomeric, if not identical, with hypogseic acid; it melts at 
30°, and solidifies at 28°. 

Oleic Acid, CigH3402. — This acid, the most important of the 
series, is obtained by saponification of olein, the fluid constituent 
of most natural fats and fixed oils. 

To obtain pure oleic acid, olive or almond oil is saponified with 

f >ota8h ; the soap is decomposed by tartaric acid ; and the separated 
atty acid, after being washed, is heated for some hours in the 
water-bath, with half its weight of lead oxide previously reduced 
to fine powder. The mixture is then well shaken up with about 
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1;wicc its bulk of ether, which dissolves the oleate of lead, and 
leaves the stearate ; the liquid after standing for some time is 
decanted and mixed with hydrochloric acid ; the oleic acid thereby 
eliminated dissolves in the ether, and the ethereal solution which 
rises to the surface of the water is decanted, mixed with water, 
and freed from ether by distillation. 

Large quantities of crude oleic acid are now obtained in the 
manufacture of stearin-candles, by treating with dilute sulphuric 
.\cid the lime-soap resulting from the action of lime upon tallow. 
The tatty acids resulting from the decomposition are washed with 
hot water, and solidify in a mass on cooling ; and this mass, when 
subjected to pressure, yields a liquid rich in oleic acid, but still 
retaining a considerable quantity of stearic acid. After remain- 
ing for some time in a cold place, it deposits a quantity of solid 
matter, and the liquid decanted from this is sent into the market as 
olfiic acid or red oil. It may be purified by the process just described. 

Oleic acid crystallises from alcoholic solution in dazzling w'hite 
needles, melting at 14° to a colourless oil, which solidifies at 4° to 
a hard, white, crystalline mass, expanding considerably at the 
same time. Specific gi*aAdty = 0'898 at 19°. The acid volatilises 
in a vacuum without decomposition. It is tasteless and inodorous, 
and reacts neutral when unaltered (not oxidised), also in alcoholic 
solution. It is insoluble in water, very soluble in alcohol, and 
dissolves in all proportions in ether. Cold strong sulphuric acid 
dissolves it without decomposition. It dissolves solid fats, stearic 
acid, palmitic acid, &c., and is dissolved by bile, with formation 
of a soap and strong acid reaction. 

Oleic acid, in the solid state, oxidises but slowly in the air ; but 
when melted, it rapidly absorbs oxygen, ac()uiring a rancid taste 
and smell and a decided acid reaction. Its decomposition by 
fusion with potash has been already mentioned. Chlorine and 
bromine, in presence of water, convert it into dichloroleic and dibro- 
luoleic aci<l. Bromine, adde<l by drops to fused oleic acid, forms 
tribromoleic acid, CjgHgiBrgOg. 

Strong nitric acid attaciks oleic acid with violence, giving off red 
nitrous vaj)ours, and producing volatile acids of the series CnH 2 nOi>, 
viz., acetic, propionic, butyric, valeric, caproic, oenanthylic, 
caprylic, pelargonic, and rutic acids ; also fixed acids of the series 
CnH 2 n— 4 O 2 , viz., suberic, piinelic, adipic, lipic, and azelaic acids, 
the number and proportion of these products varying with the 
duration of the action. 

Nitrous acid converts oleic acid into a solid isomeric or 
allotropic modification, called elaidic acid. 

Oleates. — The formula of the neutral oleates is M'CjgHgjOg, or 
according to the equivalence of the metal ; there 
are likewise acid oleates. The neutral oleates of the alkali-metals 
are soluble in water, and not so completely precipitated from their 
solutions by the addition of another soluble salt, as the stearates 
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and palniitates. The acid oleates are liquid and insoluble in 
water. The oleates dissolve in cold absolute alcohol and in ether, 
a property by which they may be distinguished and separated 
Irom the stearates and palmitates. 

Oleins. — Oleic acid forms three glycerides, viz., monolein, 
(C3H)/"(0H),C,«H,30„); diolein, (C3H3)'"(0H)(CisH3302)2; andtri- 
olein, (03H5)'''(CjgH3302)3, which are produced })y heating oleic aci<l 
and glycerin together in sealed tubes, in various proi)()rtions. The 
first two solidify at about 15 °. 

The olein of animal fats, of olive oil, and of several other oils, 
both animal and vegetable, which do not dry up in the air by slow 
oxidation, but are converted into viscid masses, having a rancid 
odour and acid reaction (non-drying oils), appears to be identical 
with triolein, but there is great difficulty in obtaining it pure. 
Olive oil, cooled to 4 ° or a lower temperature, deposits a large 
quantity of solid fat, consisting mainly of T)almitin (originally 
called 7 )uir(jari}i, from its pearly lustre), and the oil filtered there- 
from consists mainly of olein. A purer olein is obtained by treat- 
ing olive oil with a cold strong solution of caustic soda, which 
saponifies the solid fats, and leaves the olein unaltered. Olein, 
subjected to dry distillation, yields gaseous products, liquid hydro- 
carbons, acrolein, and sebic acid. 

Some non-drying oils contain the glycerides of acids homologous 
with oleic acid ; such is the case, as already observed, with croton 
oil, earth-nut oil, and sperm oil. Doegling train-oil, obtained from 
the doegling or bottle-nosed whale {Baloina rostrata), yields 
doeglic acid, CjgH 3 (. 02 . Colza-oil, obtained from the seeds of 
certain species of IJrafisica, especially the summer rape or colza, 
Brassica campestri.% var. oleifera^ yields brassic acid, 
and the oil of black mustard-seed yields a similar and probably 
identical acid, called erucic acid. 

Drying oils, such as linseed and poppy oils, and castor-oil, which 
is a non-drying oil, contain the glycerides of acids belojigiiig to 
other series, wlxich will be noticed hereafter. 


Iso-acrylic Acids. 


Acids isomeric with the natural acrylic acids are produced by 
abstraction of the elements of water from certain acid ethers, 
having the composition of oxalic acid in which one atom of oxygen 
is replaced by two equivalents of an alcohol-radical of the series, 
CnH2nq-l 9 

CH3 CH/JH3 CH2CH3 

I I i 

HO— C=0 HO— C— CH3 HO— C— CHo HO— C— CHoCHo 

J I J I 

HO— C-O HO— C =0 HO— C=0 HC— C =0 


Oxalic acid. Dimethoxalic 
acid. 


Ethometh- 
oxalic acid. 


Dicthoxalic 

acid. 
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Now, when the ethyl ic ethers of these acids are treated with 
idiosphoric oxide or phosi)horus trichloride, they give up a mole- 
cule of water ^ 'pense of one of the molecules of 

hydroxyl (OH) and of an atom of hydrogen abstracted from one 
of the monad alcohol-radicals, which is tlierehy converted into a 
dyad radical (an olefine) capable of saturating the unit of equiva- 
lence of the carbon-atom set free by abstraction of the hydroxyl. 
The product is the ethylic ether of an iso-acrylic acid ; thus. 


CH 


HO— C— CH3 

H 5 C 2 O— 

Etliylif* dimeth- 
oxalate. 


H 2 O 


HjC— C— CIT 

H 5 C 2 O— C -0 
Ethylic methyl- 
acrylate. 


The ethylic ether thus formed is converted into methacrylic acid 
by saponification with potash in the usual way. In this manner 
the following iso-acrylic acids have been obtained : 


C(CH3)(CH2)" 

Methacrylic acid, I isomeric with Crotonicacid : 

COOH 

ciCK,)(c,ii,y 

Methylcrotonic acid, „ Angelic acid ; 

COOH 


C(C2H,)(C2ll4r 

Ethylcrotonic acid, I „ Pyroterebic acid. 

COOH 


The iso-acrylic acids, when fused with potassium hydrate, are 
converted, like the normal acrylic acids, into two acids of the 
acetic series. The dyad radical of the iso-acrylic acid is displaced 
by two atoms of hydrogen derived from two molecules of potassium 
hydrate, (2KOH), and enters into combination with two atoms of 
oxygen ; and at the same time the two atoms of potassium displace 
the basic hydrogen-atoms of the two acids thus produced, convert- 
ing them into potassimn-salts, and expelling the hydrogen as gas ; 
thus : 


C(CH2y'CH3 

COOH 

Methacrylic 

acid. 


+ 2KOH 


C(C2H,rCH3 

iooH 

Mcthyl-cro- 
tonic acid. 


2KOH 


CH2CH3 

H 

ioOK 

^ ioOK 

Propionate. 

Formate. 

CH2CH3 

CH3 

iooK 

~ iooK 

Propionate. 

Acetate. 
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CH2C2H, 

4- 2KOH =* 

COOH COOK 

Ethyl-cro- Butyrate, 

tonic acid. 


+ 


CH, 

1 + 

COOK 

Acetate. 


H, 


The normal acrylic acids are decomposed by potash in a similar 
manner, yielding two acids in the series CnH2n02 ; but one of 
these is always acetic acid. Hence it is inferred that they have a 

tXCnHjnX'H 

constitution represented by the formula I , and that 

COOH 

their decomposition by potash is represented by the equation : 


C(CnH2nrH 

d'OOH 


+ 2H2O 


CH3 C„-iH2„_1 

I + I. 

COOH COOH 


Iso-acrylic 

acid. 


Acetic Homologue of 

acid. acetic acid. 


The formula? of the individual acids are as follow : 


CH(CH2)^ 

dooH 

Acrylic. 


CHCC^H^r CH(C3H3)^ CHCC^Hg)" CH(C,«H.2) 

doOH doOH doOH doOH 

CrotonJe. Angelic. Pyroterebic. Olcic. 


It is easily seen from these formulae that crotonic acid, when 
decomposed by an alkali, must yiehl two molecules of acetic acid ; 
and that the other acids above formulated must yield acetic 
acid together with formic, propionic, butyric, and palmitic acids 
respectively. 

The rational formula of crotonic acid is confirmed by its mode 
of formation from chloracetic acid and chlorethylidene : 


OH^Cl 


CH2CI 


I + I + Ag2 

COOH CH 


= 2AgCl 4- 


CH(C2H4)" 

doOH 


An acid called ce-crotonic acid, isomeric with crotonic acid, 
but differing from methacrylic acid, is formed by heating allyl 
cyanide with potash : 


CH(CH2)" 

dfla + 2H2O 

dn 

Allyl cyanide. 


0H(CH2)" 

NH, + (ill, 
ioOH 

a-Crotonic acid. 


The constitution of the three isomeric acids, C4HQO2, may be 
more fully represented as follows : — 
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CH3 

CH2 

. CH, 

1 

11 

II “ 

CH 

CH 

C— CH, 

II 

1 

1 

OH 

1 

C sin 
* 1 2 

COOH 

COOH 

COOH 


Crotonic. 

a-Crotonic. 

Methacrylic. 


DIATOMIC ACIDS. 

These acids are dei*ived from diatomic alcohols by substitution 
either of O for Hg, in which case they contain tliree atoms of 
oxygen and are monobasic, or by substitution of Og for in 
which case they contain four atoms of oxygen and are bibasic. 

The relation between* the saturated liydrocarboiis, the glycols, 
and the diatomic acids, is shown in the following table : 

Diatomic Acids. 


Hydrocarbons. 

CnH2n-|-2 

CnH2n 

('n^2n— 2 

CnH2n — 4 


Glycols. 


CnH2ii-h202 

Cnll2n02 
CnH2n — 2O2 
CnH 2 n -402 
&c. 


Monobasic. 
CnH 2 u 03 
f 'nll2n — 2O3 

CiiH 2 n -^03 

f'^nH2n — gOs 

&C. 


Bibasic. 
CnH 2 n— 2O4 
C„n 2 n ~404 
CnH 2 n -604 
OnH2n— 8O4. 


Diatomic and Monobasic Acids. 

1. — liactic Series, Cnii^nOs. 

The acids of this series may he divided into two groups, dis- 
tinguished as normal lactic acids and isolactic acids. The 
known members of the series are : 

Glycollic or Oxyacetic acid, CgH^Oo. 

Lactic or Oxypropioiiic acid, CgH^Uj. 

Oxybutyric acid, 0411^03, and its isomeride, Dimethoxalic acid. 

Oxyvaleric acid, and its isomeride, Ethoniethoxalic 

acid. 

Leiicic or Oxycaproic acid, 00114.^03, and its isomeride, Dieihox- 
alic acid. 

Acids homologous with dimethoxalic acid, and containing 7 , 0, 
and 12 atoms of carbon, have also been obtained. 

The noiTnal lactic acids correspond to the diatomic alcohols 
homologous with ethenic alcohol (glycol) ; thus ; 
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i: 


'H,OK 

Diatomic 

alcohol. 


Cn— lH2n— 2 OH 

iooH 

Normal acid of 
lactic series. 


If in the second formula we make n successively etjual to 1, 2, 3, 
&c., we get the series : 


OH CH 2 OH aH.OH 

I I I 

COOH COOH COOH 


CoHeOH 

I 

COOH 


Carbonic Glycollic 

acid. acid. 


Lactic 

acid. 


Oxybutyric 

acid. 


Carbonic acid is, however, a bibasic acid, for reasons which will 
be explained further on, and will be considered by itself. 

The normal lactic acids are produced : 

1. From the glycols, by slow oxidation in contact with platinum 
black, or by the action of dilute nitric acid. Tlie higher glycols, 
however, are partly sjilit up by oxidation, part of their carbon as 
well as hydrogen being oxidised, and a lower acid of the series 
produced ; thus amyleiie glycol yields oxybutyric instead of oxy- 
valeric acid. 

2. By the action of moist silver oxide on the monochlorinated 
or monobrominated fatty acids (p. 668), e. g. : 


C,ll,ClO, + AgHO = AgCl + C3H,03 

Chloropro- Lactic 

pionic acid. acid. 

By the action of nitrous acid on the amidated derivatives of the 
fatty acids ; 

C^H-NO, + HNO, = + O^H + 

Amidacetic acid Glycollic 

(Klycocine). acid. 


The Isolactic acids are rejiresented by the general formula, 
C(CnH2n+l)20H 

I . — They are obtained in the form of ethers by the 

COOH 


action of the zinc-compound of an alcohol-radical, CnH 2 n+i, on a 
neutral ether of oxalic acid containing a radical of the same series, 
such as diethylic oxalate. The reaction consists in the replace- 
ment of an atom of oxygen in the oxalic ether by two equivalents 
of alcohol-radical, and the simultaneous replacement of an equiva- 
lent of ethyl, methyl, &c., in the oxalic ether by an equivment* 
of zinc, whereby an ether of zinc-diethoxalic acid, &c., is pro- 
duced, which by certain obvious transformations may be converted 
into the required acid ; thus : 


* To simplify the equations, we have made use of the er/uivalent (32 ’5) 
instead of the atom (65) ot zinc, denoting it by the symbol Zn'. 
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COOCH3 

1 

COOCH3 

+ 

2Zn'C2H5 

= Zn'(CH3)0 


C(C2H5)30Zn' 

ioocH3 

Dimethylic 

oxalate. 


Zinc 

methide. 

Zinc 

methylate. 


Methylic zinco- 
diethoxalate. 

C(C2H5)20Zn' 

ioOCHa 

+ 

HOH 

= Zn'KO 

+ 

C(C3H,)30H 

r 

COOCH3 

Methylic zinco- 
diethoxalate. 


Water. 

Zinc 

hydrate. 


Methylic 

diethoxalate. 


The methylic diethoxalate is easily decomposed by baryta-water, 
yielding methyl alcohol and barium diethoxalate : 


C(C2H,)20H 

ioOCHa 


Ba'HO 


CH3(0H) + 


ioOBa' 


And this salt decomposed by sulphuric acid yields diethoxalic 

acid, I , isomeric with leucic acid. 

COOH 

In the first stage of the process it is found best to use a mixture 
of ethyl iodide with metallic zinc, which produces zinc-ethide, 
instead of the latter compound previously prepared. The other 
isolactic ethers are prepared in a similar maimer. 

The acids of either group are reduced by hydriodic acid to the 
corresponding acids of the acetic series; e.^., lactic to propionic 
acid : 

C3He03 + 2HI = + H,0 + I,. 

T^je ethereal salts of the isolactic acids are converted by phos- 
phorus trichloride or pentoxide, into ethers of the iso-acrylic acids 
(p. 701) ; the ethereal salts of the normal lactic acids do not 
exhibit this reaction. 

The normal lactic acids, when heated, give up a molecule of 
water, and are converted into oxygen-ethers or anhydrides ; e.f/., 
lactic acid into lactide : 


C3H,03 ~ H2O = 0311,02. 


Two molecules of a normal lactic acid may also be deprived of a 
molecule of water, thereby produemg a condensed acid analogous 
to the polyethenic alcohols ; lactic acid, for example, yielding 
di lactic acid, : 

2C,}I,0, - H3O = C,HioOs 

CHaOH 

Qlycollic Acid, CvH.O, = I . — This acid is pro- 

" ■ OOOII 

duced in a Viiriety of reactions, several of which have been already 
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(yi^Ago, 4. 
It is also Drodueed : «, 

glyoxjrlic acad ; 


H,0 - AgBr + 

By the action of alkalis on glyoxal and 


C,H,Og 

Glyoul. 

+ 

HjO 

Clycollic acid. 

2C3HA = 

Glyoxylic 

acid. 

C*HA 

Oxalic 

acid. 

+ 

CaHA + HjO 
Glycollic 
add. 


0. Together with glyoxal, glyoxylic acid, and other products by 
the action of nitric acid upon alcohol. 

y. By the action of nascent hydrogen (evolved by zinc and sul- 
phuric acid) upon oxalic acid : 

CgHA + 2H2 « H,0 + 

Glycollic acid differs somewhat in its properties, according to 
the manner in which it is prepared, being sometimes sjrrupy and 
uncrystallisable, sometimes separating from its solution in ether in 
large re^lar crystals. It has a very sour taste, dissolves easily in 
water, alcohol, and ether ; melts at 78° or 79° ; begins to boil at 
100° ; decomposes when heated to above 150°* All the glycoUates 
are more or less soluble and crystallisable. 

Diglycollic acid, = 2C2H4O3 — HgO, also called 

Paramalic acid, — This acid, isomeric with malic acid, and rRated 
to glycollic acid in the same manner as diethenic alcohol to glycol, 
is produced by the dehydration of glycollic acid, and by the 
oxidation of diethenic or triethenic alcohol. It is also formed in 
the preparation of glycollic acid by heating sodium chloracetate 
with caustic soda, which in fact is the process by which it was first 
obtained : 


C2H3CIO2 + 2NaHO - NaCl + HgO -f C2H3Na03 

Chloracetic Sodium gly- 

acid. collate. 


C2H3CIO2 + CgHgNaOa = NaCl + 

Chloracetic Sodium^ Diglycollic 

acid. glycoUate. acid. 

Diglycollic acid is a crystalline bibasic acid, forming with uni- 
valent metals, acid salts containing C^HgM'Og, and normal salts, 
C,H4M90.; with bivalent metals it fonns only normal salts, 
C,H,M"06. 
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CgH^OH ( CjH.OH 

Lactic Acid, CgHjOa =1 or C ^ CT . — Of this 

COOH (OH 

acid there are two modifications: one called ordinary lactic 
acid, produced by a peculiar fermentation of sugar ; .the second, 
called paralactic or sarcolactic acid, existing in mtiscular 
flesh. The difference of constitution between these two acids is 
represented by the following formula} : 


CH, 


HOH 

OOH 


Ordinary lactic 
acid. 


CHjOH 

ioOH 

Paralactic acid. 


Ordinary lactic acid, or ethylidene-lactic acid^ is also produced: 
l)y the first three general methods given on page 704, viz., by the 
alow oxidation of propene glycol; by the action of moist silver 
oxide on chloro-propionic or bromo-propionic acid ; and by the 
action of nitrous acid on alanine ; further, by the following special 
processes : 

X, By the action of nascent hydrogen on pyruvic acid : 

C 3 HA + = C,ll,0,. 

/3. By the action of hydrocyanic acid and water on acetic alde^ 
hyde : 

CH,— CO"H + CNH = CH3— CHOH— CN 

Aldehyde. Hydrocyanic Unknown intci mediate 

acid. compound. 

CH3— CHOH— CN + 2H2O = NH3 + CH3— CHOH— COOH 

Intcimiediate Lactic acid, 

compound. 

Paralactic or ethylene-lactic acid is produced : — 1. By heating 
e.thene chlorohydrate with an alcoholic solution of potassium 
cyanide, and boiling the resulting ethene cyano-hydrate with 
(laustic potash, whereupon ammonia is given oft*, and j)otassiuni 
paralactale is produced ; 

CH 2 OH— CHgCl + KCN = KCl + CH 2 OH— CH^CN 

Ethene ehlor- Ethene cyano- 

hydrate. hydrate. 

CHgOH— CHjCN + 2H2O = -NHg + CHgOH-CHg— COOH 

Ethene cyano- Paralactic 

hydrate. acid. 

2. By combining ethene with carbonyl chloride, whereby para- 
lactyl chloride is produced, and decomposing this chloride A\dth 
an alkali : 
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CHjnCHa + COCI3 

£tlien«, 

CH,a— CHj— COCl +2HOH 

Paralactyl chloiide. 


« CHjCl— CHa— COCl 

Paralitctyl chloiide. 

= 2HCI + CH2OH— CH2— COOH 

Paralactfc add. 


Paralactic acid is extracted from iniisciilai' flesh by cold water 
or dilute alcohol. 

Preparation of ordinary lactic acid by Fernientation , — Various 
kinds of sugar, and dextrin, when subjected to the action of parti- 
cular ferments, are converted into lactic acid, the change consist- 
ing in a resolution of the molecule, preceded in some cases by the 
cissumption of the elements of water : 


^6^12^6 

Glucose. 


2C3H„03 

Lactic acid. 


+ H,0 - 

31ilk sugar. 


4C3H6O., 
Lactic acid. 


This lactous fermentation requires a temperature between iiO" and 
40° C. (58° and 104° F.), and the presence of water and certain 
ferments — viz., albuminous substances in a j^eculiar state of det;oni- 
position, such as casein, glutin, or animal membranes, especially 
the coating of the stomach of the calf (rennet), or of the dog, or 
bladder. According to Pasteur and others, it depends upon the 
presence of a peculiar fungus Penicillimn glaucum (p. 578;. The 
following is a good method fur preparing the acid in considerable* 
quantity ; — 2 gallons of milk are mixe<l with G pounds of raw 
sugar, 12 pints of water, 8 ounces of putrid cheese, and 4 pounds of 
chalk, whicli should be mixed up to a creamy consistence with 
some of the liquid. This mixture is exposed in a loosely coveied 
Jar to a temperature of aljout 86° F. (30° C.), with occasional stir- 
ring. The use of the chalk is to neutralise the lactic acid, vhich 
would otherwise coagulate the casein, render it insoluble, and 
thereby put a stop to the process. At the end of two or three 
weeks it will be found converted into a semi-solid mass of calcium 
lactate, which may be drained, ])ressed, and purified by re-crystal- 
lisation from water. The lacUite may be decomj)osed by the m ces- 
sary quantity of pure oxalic acid, the Altered li(][Uor neutralised 
with zinc curbonate, and, after a second filtration, evaj)orated 
until the ziiLC-salt crystallises out in cooling. If, in tlie first })art 
of the process, the solid calcium lactate be not removed at the 
proper time from the fermenting liquid, it will gradually redis- 
solve and disappear, being converted into soluble butyrate (p. 684). 
An important modification of tliis process consists in employing 
commercial zinc-white instead of powdered chalk, which yields at . 
once difficultly soluble zinc lactate, easily purified by recrystalhsa- 
tion. The zinc lactate may, lastly, be redissolved in water, and 
decomposed by sulphuretted hydrogen, in order to obtain the free 
acid. Together with the lactic acid a certain quantity of mannite 
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U invariably formed. This is separated by agitating the concen- 
trated aqueous solution with ether, in which lactic acid alone is 
soluble. 

Lactic acid may be extracted from a great variety of liquids 
containing decomposing organic matter, as sauerkraut^ a prepara- 
tion of white cabbage, the sour liquor of the starch-maker, &c. 

Solution of lactic acid may be concentrated in the vacuum of 
the air-pump, over a surface of oil of vitriol, until it appears as a 
colourless, syrupy liquid, of sp. gr. 1-215. It has an intensely sour 
taste and acid reaction: it is hygroscopic, and very soluble in 
water, alcoliol, and ether. All its salts are soluble. 

Wiien syrupy lactic acid is heated in a retort to 130°, water 
containing a little lactic acid distils over, and the residue on cool- 
ing forms a yellowish, solid, fusible mass, very bitter, and nearly in- 
solubloin water. This is dilactic acid, CtjHi(,0- = 2 C.jHjj 03 — H^O. 
Long-continued boiling with water re-converts it into lactic acid. 
When this substance is further heated, it decomposes, yielding 
numerous products. One of these is lactide, or lactic anhy- 
dride, C.JH 4 O 2 , a volatile substance, crystallising in brilliant, 
colourless, rhombic plates, Avhich, when put into water, slowly 
dissolve, with juoduction of lactic acid. 

Lactide combines with ammonia^ forming lact amide, a soluble 
crvstallisable substance isomeric with alanine or amidopropionic 
acid (p. 683). The ditference between these two bodies, and their 
relation to lactic acid, are exhibited by the following formulae : 

CoH^NIL CJLOH CoILOH 

r I I 

COOK COOH CONH 2 

Alanine. Lactic acid. I^actamide, 

Alanine may be derived from lactic acid by substitution of ami- 
d(^gen for the alcoholic hydroxyl of the acid (which comes to 
exactly the same thing as replacing an atom of hydrogen in pro- 
])ionic acid, by amidogen) ; accordingly it retains an atom 

of basic hydrogen, and therefore reacts as an acid (lactamic or 
amidoproj)i()nic acid) ; but in lactainide the basic hydroxyl is 
rcjilaced by amidogen, and therefore the compound is neutral. 

Anotlier jn-oduct of the action of heat on lactic acid is lactone, 
a colourless volatile liquid, boiling at 92*2°. Acetone is also 
formed, and carbon monoxide and dioxide are given off. Lactic 
acid, boiled with dilute nitric acid, or with dioxide of lead or 
barium, is converted into oxalic acid. Distilled with dilute sul- 
phuric acid and dioxide of lead or manganese, it yields a large 
quantity of aldehyde, together with carbon dioxide. Hydriodic 
acid, or a mixture of phosphorus tetroxide and water, reduces it 
to j-^ropionic acid, with liberation of iodine : 

C,H„03 + 2HI = C 3 H 0 O, + 11,0 + I,. 
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Paralactic acid in solution or in the syrupy slate is undistin- 
gnishahle from ordinary lactic acid. When healed it is (*(>n- 
verted into lactide, which, when boiled with water, yields ordiiiary 
lactic acid. 

Lactates. — The best defined of these salts are represented by 
the fonnuloe, M'CaHrjOj, and 3r'(C;iH-03)2. Barium and e^ilcinin 
also form acid lactates, e.g, Ca'XCsHr^O.Oo.SC.^H^^Oa. The laetat(*s 
are, for the most part, sparingly soluble in cold water, and elHoivsce 
mpidly from their solutions ; they are all insoluble in ether. ^\dien 
heated with excess of strong sulphiu’ic acid, they give off a large 
quantitjr of pure carbon monoxide. 

The paralactfites have, for the most part, the same composition 
as the lactates ; but some of them diner in form, solubility, and 
other characters. 

Calcivm lactate^ Ca''(CQHc03)2.5 aq., is obtained in the fermenta- 
tion process above descriDed, or by boiling aqueous lactic acid with 
calcium carbonate. It dissolves in 9*5 parts of water at ordinary 
temperatures. The paralactate contains only 4 molecul^ of Water, 
which, however, it retains longer than the lactate, and requires 12 
parts of water to dissolve it . — ^tne lactate^ Zn"(C3H503)o.3aq., 
gives off its water quickly at 100®, dissolves in 6 parts of toiling 
water, in 5*8 parts of cold water, and is nearlv insoluble in alcohol. 
The mralachite contains only 2 molecules of crystallisation- water, 
which it retains with considerable force. It dissolves in 2*88 parts 
of boiling, 5'7 parts of cold water, and in 2^23 parts of alcohol, 
either cold or ix)iling , — Ferrmis lactate is precipitated in small 
yellowish needles on mixing ammonium lactate with ferrous chlo- 
ride or sulphate . — Ferric lactate is a hrf)wn deliquescent mass. 

Lactic Ether» — Ljictic acid, like the other meinhers of the 
group, can form three different ethers containing the same univa- 
lent alcohol-radical, according as I lie alcoholic or the basic hydro- 
gen-atom, or both, are replaceil ; thus : 

C2H4OH C^H^OC^H, C^H.OH C3H4OC3H, 
COOH ioOH COOCgllg (ioOC'gHs 

Lactic Ethyl-lactic Monethylic Dietliylic lactate, , 

acid. acid. lactate. or ethylic ethyl- 

lactate. 

Monethylic lactate, CgH^. C3H5O3, is produced by distilling potas- 
sium or sodium lactate with potassium ethylsulphate. It is a syrupy 
liquid, boiling at 176®. Potassium dissolves m it, with evolution 

C2H4OK 

of hydrogen, forming ethylic-potassio lactate, I . — 

COOC^H,, 

Ethyl-lactic acid, €3114(02115) O^.H, is obtained as a potassium or 
calcium salt by decomposing diethylic lactate with potash or milk 
of lime. When separated from these salts by sulphuric acid, it 
forms a viscid liquid, boiling with partial decomposition between 
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and 108 ^^. — DLcthylic lactate^ C2H5.C3H4(C2H^;j)03, is produced 
by the action of ('thyl-iodide on etnylic potassio-lactate, or on 
sodium ethylate, and by that of sodium ethylate on ethyl- 
chloropropioiuite ; 

C2H5.C3H4CIO2 + NaOCgH^ = NaCl + C2H5,C3H4(C2H,)03 

Ethyl-cliloro- Sodium Diethylic 

propionate. ethylate. lactate. 

Methyl-lactic acid, C3H3(CH3)Oj, and its zinc and silver salts have 
also been obtained. 

The alcoholic hydrogen of lactic acid may also be replaced by 
acid radicals, forming such compounds as acetolactic acid, 
C3H3(C2H30)30. 

Lactyl Chloride, ^ C3H4OCL, or Chloropropionyl Chloride, 
C3H4GIO.CI, is obtained, together with phosphorus oxychloride, 
by gently heating a mixture of calcium lactate with phosphorus 
pentachloride ; also by the direct combination of etheue with 
cai’bouyl chloride. It is a colourless liquid, boiling above 100°, 
and decomposed by water, forming hydrochloric and chloropro- 
pionic acids. 

C5H40OH 

I<euoio Acid, C.Hi203= I . — Tliis acid, isomeric 

60OH 

with diethoxalic acid, m produced by the action of nitrous acid on 
leucine or amidocaproic acid (p. 687). It forms needles or mono- 
clinic prisms, soluble in water, alcohol, and ether, melting at about 
73°, and volatilising at 100°. When heated for some time at that 
temperature, it gives off water, and leaves a syrupy oxide or 
anhydride. It forms crystallisable salts analogous to the lactates. 


(OH 

Carbonic Acid, CH^Oa = C < O" . — This acid belongs to 
the lactic series, so far as its constitution is concerned, being 

, by substitution 

of O for Hg ; but it differs from all the other acids of the series in 
being bibasic, both the hydroxyl groups contained in it l)eing 
immediately connected with an atom of oxygen, so that either 
of the hydrogen-atoms may be regarded as belonging to the group 

^^C)jjII. 

Carbonic acid itself, or hydrogen carbonate, is not known, 
inasmuch as when a metallic carbonate is decomposed by a stronger 
acid, the hydrogen carbonate, CHgOg, always splits up into water 
and carbon dioxide, which escapes as gas. The corresponding 
sulphur compound, CH2S3, is, however, obtained as an oily liquid 
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when a metallic sulpho-carbonate is decomposed by an acid 
(P-210). . . 

With the alkalx-metals carbonic acid forms acid and normal or 
iieutral saltsi according as one or both of the hydrogen-atoms are 
reidaced; e.g.: 

Acid soditun carbonate, ‘ CHNa03, or CO | 

Normal sodium carbonate, CNa^O^, or CO(ONa)2. 

With the earth-metals and other dyad metals, carbonic acid 
forais only nonnal salts, CM^O^, and basic salts; the so-called 
acid carl>onatcs of bariiun, calcium, &c., are known only in solu- 
tion, and are, in fact, mertdy solutions of neutral carbonates in 
aiuieous carbonic acid, which give off carbon dioxide on boiling. 
The basic Cixrbonates of dyad metals may be viewed as compounds 
of normal carl senates with metallic oxides or hydrates ; for example, 
slaked lime, produceil by eximsing quicklime to moist air, has the 
composition of a dicalcic carbonate, Ca'''0.Ca'''C03.aq. ; and native 
green copper carbonate, or malachite, consists of Cu"0.Cu"C03.aq. 
These basic carbonates may, however, be viewed in another way, 
namely, as derived from a tetratomic carbonic acid, or ortho- 
carbonic acid, CH4O1 or C^OH)^ analogous to methane and 
carbon tetrachloride ; tnus, dicalcic carbonate = CCa'^2C^4 . aq. ; 
malachite = CCu"204.a([. 

With metals of higher atomicity, carbonic acid does not form 
definite salts. 

Carbonic Ethers. — The only carbonic ethers known are those 
in wliich the two hydrogen-atoms of carbonic acid are re2)Iaced 
either by two equivalents of a monad alcohol-radical, or by one 
equivalent of a monad alcohol-radical and one equivalent nf metal. 

Ethyl carbonate, (p2^5)2^^39 formed by the action of ethyl 
iodide on silver carbonate : 

Ag,C 03 + 2 C,H,I = 2 AgI + (CjHOCA; 

also by the action of potassium or sodium on ethyl oxalate, 
(C2H^,)2C204 : this reaction is not quite understood ; but it amounts 
to the removal of carbon monoxide, or carbonyl, CO, from the 
oxalic ether. Fragments of potassium or sodium are dropped into 
oxalic ether as long as gas is disengaged : the brown ]>asty jDroduct 
is then mixed with water and distilled. The carbonic ether is 
found floating upon the surface of the water of the receiver, as a 
colourless, limpid liquid of aromatic odour and burning taste. It 
boils at 125 °, and is decomposed by an alcoholic solution of potash 
into potassium carbonate and alcohol. By chlorine in diffused 
daylight it is converted into dichlorethyl carbonate, (0911^12)2003, 
and in sunshine into pentaclilorethyl carbonate, (CgCyoCO.;. 

EthyUpotassium carbonate, (C2H5)KC03, is produced by passing 
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carbonic acid gas into a cooled solution of potassium hydrate in 
absolute alcohol : 

CgHeO + KHO + CO2 = HgO « (C 2 Hfi)KC 03 . 

It is a white nacreous salt, decomposed by water into potassimn 
carbonate and alcohol. 

Ethyl-methyl carbonatCy (C2H5XCH3)C03, is obtained by distilling 
u mixture of ethyl-potassium sulphate and methjd-potassium car- 
bonate : 

(C2H3)K.S04 + OH3K.CO3 = K2SO4 + (C2H3)(CH3).C03. 

Methyl-barium carbonate^ (CH3)2Ba''(C03)2, is obtained as a white 
precipitate by passing carbonic acid gas into a solution of baryta 
in Jiielhyl alcohol. 

Carbonates of hutyly amyl, and allyly analogous in composition to 
ethyl carbonate, have also been obtained. Phenyl-hydrogen car- 
hojiate, or acid phenyl carbonatCy (CnH5)HC03, is identical with 
salicylic acid, which will be describea further on. 

Ethyl orthocarbonatey^ C(OCLH3)4, is produced by heating a 
mixture of cliloropicrin (trichloro-nitromethane) with absolute 
alcohol and sodium : 

C(N02)C?l3 + 4NaOC2H5 - 3 NaCl + NaNOg + CCOCgHg)^ 

Cliloropicrin. Sodium Sodium Sodium Ethyl ortho- 

etliyhitc. chloride. nitiite. cdibonate. 

It is a colourless oil, boiling at 158 °- 159 ° 

SufiPHOCARnoNic Ethers. — T hese are bodies having the com- 
position of carbonic ethers in which the oxygen is rejdaced, wholly 
or i)artly, by sulphur. The following table exhibits their names 
and formula}, the ethyl and ethene compounds being taken as 
examples : 

Ethyl -monosulphocarbonic acid, . . (CgH^)!! . CO2S . 

Diethylic monosulphocarbonate, . . (CgHr,).). CO2S. 

Ethyl-disulpliocarbonic or Xanthic acid, . (C2HJH.COS2. 

Diethylic disulpliocarbonate, . . . (CgHs^o-COSg. 

Ethyl-trisnlphocarboiiic acid, . , . (C2H^)H.CH3. 

Diethylic trisulphocarbonate, . . . (C2HO0.CS3. 

Ethene disulpliocarbonate, . , , (CgH^), COSg. 

Ethene trisulphocarbonate, . . . (02114)". CS3. 

The metallic salts of the acid sulphocarbonic ethers are 
produced in the same manner as those of the carbonic ethers : thus 
carbon dioxide unites with potassium sulphethylate (mercaptide), 
to form potassium ethylmonosulphocarbonate. just as it unites with 
potassium ethylate to form the ethylcarbonate ; and, in like 
manner, carbon bisulphide acts on potassium ethylate or alcoholic 
potash, so as to fonn potassium etnyldisuljDhocarbonate ; and on 

* H. Bassett; Chem. Soc. Journal [ 2 ], i. 128 . 
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E otassium mercapticle, or an alcoholic solution of the sulph- 
ydrate, so as to lorni the ethyltrisuli)hocarbomite, thus : 

CO 2 + 'C2H6)K0 = (C 2 H 5 )KC 03 Ethylcarhonate. 

CO 2 + ^C 2 H 5 )KS = (CgHg^KCOgS Ethylinonosulphocarbonate. 
CS 2 + CgHglKO = (CgHfi^KCOSg Ethyldisulphocarbonate. 

CSg + = (CgHg^KCSg Ethyllrisulphocarbonate. 

The neutral sulphocarbonic ethers containing monatomic 
alcohol-radicals) are produced by the action of the chlorides, 
bromides, &c., of alcohol -radicals on the metallic salts of the cor- 
responding acid ethers, e.g.: 

+ CgHgCl = KCl + (C2Hg)2CS3. 

The sulphocarbonic ethers of diatomic alcohol -radicals are 
formed by the action of diatomic alcoholic bromides, iodides, &c., 
on sodium sulphocarbonate, e,g.: 

+ NaaCSg = 2NaBr + 

The neutral sulphocarbonic ethers are oily liquids ; so likewise 
are the acid ethers, such at least as are known in the free state, or 
as hydrogen splits ; their metallic salts are mostly crystalline. 
The best known of these compounds are the ethyl d is ulpho- 
carbonates or xanthates. 

To prepare xanthic acid, alcohol of 0*800 sp. gr. is saturated, 
whilst boiling, with potash, and into this solution carbon bisul- 
phide is dropped till it ceases to be dissolved, or until the liquid 
loses its alkalinity. On cooling the whole to — the potassium- 
salt separates in the fonn of brilliant, slender, colourless prisms, 
which must be quickly pressed between folds of bibulous paper, 
and dried in a vacuum. It is freely soluble in water and alcohol, 
but insoluble in ether, and is gradually destroyed by exposure to 
air, by oxidation of part of the sulphur, Xanthic acid may be 
prepjired by decomposing this salt with dilute sulphuric or hydro- 
chloric acid. It is a colourless, oily liquid, heavier than water, of 
powerful and peculiar odour, and very combustible : it reddens 
litmus-paiier, and ultimately bleaches it. Exposed to gentle heat 
(about 24^), it is decomposed into alcohol and carbon bisulphide. 
Exposed to the air, or kept beneath the surface of water open to 
the air, it becomes covered with a whitish crust, and is gradually 
destroyed. The xanthates of the alkali-metals and of barium are 
colourless and crystallisable ; the calcium-salt dries up to a gummy 
mass ; the xanthates of zinc, lead, and mercuiy are white, and but 
slightly soluble ; that of copper is a flocculent, insoluble sub- 
stance, of beautiful yellow colour. 

Ethylic disulphocarbonate or Xanthic ether ^ (C 2 H 5 ) 2 .COS 2 , ob- 
tained by the action of ethyl chloride on potassium xanihate, is a 
pale-yellow oil, boiling at 200®, insoluble in water, soluble in all 
proportions of alcohol or ether. AmAxonia-gas passed into its 
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alcoholic solution forms mercaptan and a crystalline substance, 
C0S(C2H5)NH2, called xanthamide : 

(C2h')2COS2 + NH3 = C2H3(SH) + C0S(C2H5)NH2. 
Amyl disulphocarbonate, (C6H2i)2COS, treated in like manner 
yields xantharaylamide, COS(C5Hii)NH2. 


2. — ^Pyruvic Series, CnH 2 n— 2 O 8 . 

This is a small group of acids, including — 

Pyruvic acid, CgH^Oo 

Convolvulinoleic acid, C13H24O3 ? 

Jalapitioleic acid, CjgHaoOj ? 

Ricinoleie acid, CJ8H34O3. 

Glyoxylic acid, a product of the oxidation of alcohol, glycol, and 
glyoxal, is sometimes said to have the composition C2H2O3 ; but 
it is more probably CgH^O^, and belongs to another series, as will 
be explained hereafter. 

Pyruvic Acid, C3H4O3, also called Pyroracemic acid, is pro- 
duced by dry distillation of racemic or tartiiric acid : 

c’HcOe = C3H4O3 + CO2 + H2O. 

It is a liquid, boiling, with partial decomposition, at about 165 "'. 
Treated with sodium amalgam, or hydriotlic acid, it takes up two 
atoms of hydrogen, and is converted into lactic acid, C^HgOg, or if 
the reagent is used in large excess, into propionic acid, C^gOg. 
It also unites directly with bromine, forming the acid, C3H4Br203, 
probably dibromolactic acid. Its salts crystallise readily. 

Convolvulinoleic Acid and Jalapinoleic Acid, are pro- 
duced by the action of acids or alkalis from certain resinous 
glucosides contained in the root of tuberose or otlicinal jalaj) 
{Convolvulus Schiedanus), and of Convolvulus (or Ipomeea) orizn- 
bensis, the jalap-stalks or jalap-wood of commerce; but their 
formula} have not been exactly determined. 

Bicinoleic Acid, C18H34O,, is a yellow oily acid, produced by 
the saponification of castor-oil. .At temperatures between — if 
and — 7 ° it solidifies to a granular mass. The neutral ricinoleates 
of the alkali-metals when distilled alone yield a distillate of 
oenanthol ; but when distilled with excess of caustic alkali, they 
give off hydrogen, and yield a distillate of octyl alcohol, CgHigO, 
and a residue of alktiline sebate, CigHigK204 (p. 608 ). 
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DIATOMIC AND DIBASIC ACIDS. 

These acids contain the group, COoII, twice, and must there- 
fore contain four atoms of oxygen. T^liey may all be included in 
the general formula, R"(C02H)2> — R denoting a diatomic hydro- 
carbon-radical, — or they may be regarded as compounds of oxy- 
genated radicals with two equivalents of hvdroxvl, e.gr,, succinic 
acid = (C4H402)"(0H),,. 


1. — Oxalic or Succinic Series, CnH^n— 2O4. 

The known acids of this series are : 

Oxalic acid, . . . C2H2O4 Pimelic acid, . . C7Hj204 

Malonic acid, . , C3H4O4 Suberic acid, . . C^Hj404 

Succinic acid, . . 0^11^04 | Anclioic acid, . . 

Pyrotartaric acid, . €511^04 j Sebic acid, . • • f'loHisO, 

Adipic acid, . . . C\.H4(,04 j Roccellic acid, . . 047113204 

They are produced: — 1. By oxidation of the corresponding 
glycols, R'"(CH20H)2, the change consisting in the substitution of 
O2 for H4 (p. () 16 ). In this manner oxalic acid, (^0^204, is 
formed from etliene alcoliol. C2H0O2, ami malonic acidj C3H4O4, 
from propone alcohol, but the higher glycols split up 

under the influence of oxidising agents, and do not yield bihasic 
acids containing the same number of carbon-atoms as themselves. 

2. By boiling the cyanides of <liatomic alcohol-nidicals with 
alcoholic potash; e.fj,: 

(C3H,r(CN).> + 2 K 0 II + 2H2O = 2NH3 + (C\H,y'(CO,K), 

Propene Potas<»iUTTi 

cyanide. pyrotarlrate. 

This reaction is analogous to that by which the fatty acids are 
formed i’rom the cyanides of the nioiiatoiuic alcohol-radicals, 
CnH 2 n-fl (p* 6 f) 4 ). 

3 . By the addition of hydrogen to other acids containing a 
smaller proportion of that element ; in this manner succinic acid, 
C4H6O4, is formed from fumaric acid, C4H4O4. 

4 . By the action of heat on acids of more complicated structure ; 

2 C,H «06 = 3 C 0 ., + 

Tartaric Pyrotar- 

acid. taric acid. 

5 . Many of these acids are produced by the action of powerful 
oxidisers on a variety of organic bodies: thus, succinic, adipic, 
pimelic, suberic, and anchoic achls, are produced by treating 
various fatty and resinous bodies with nitric acid. 
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COOH 

Oxalic Acid, C,HA = I - (CAyXOH)^.— This iiu- 

OOOH 

portant acid exists ready formed in many plants as a potassium or 
calcium-salt, and is produced by the oxidation of a great variety 
of organic compounds. In some cases the reaction consists in a 
definite substitution of oxygen for hydrogen ; thus oxalic acid is 
formed from ethene alcohol, C 2 Hg 02 , by substitution of O 2 for H^, 
and from ethyl alcohol, C 2 HQO, by the same substitution and 
further addition of one atom of oxygen. But in most cases the 
reaction is more complex, consisting in a complete breaking up of 
the molecule. In this manner oxalic acid is produced in great 
abundance from more highly carbonised organic substances, such 
as sugar, starch, cellulose, &c., by the action of nitidc acid, or by 
fusion with caustic alkalis. 

Oxalic acid is also produced : u. As a sodium or potassium-salt 
by direct combination of the alkali-metal with carbonic dioxide ; 

2 CO 2 + == C204Na2. 

The sodium-salt is obtained by passing the carbon dioxide over a 
heated mixture of sodium and sand ; the potassium-salt by heating 
potassium-amalgam in the gas.*^ 

/3. As an ammonium-salt, together with other products, in the 
decomposition of cyanogen by water : 

C2N2 + 4H2O = C 2 (NH,) 20 ,. 

y. As a potassium-salt by heating potassium formate with excess 
of potash : 

2CHKO2 = C2K2O4 + H^. 

Preparation, — 1. By the oxidation of sugar with nitric acid : 

C 12 H 2 .OU + = bC2H,0, -f 5H,0. 

One part of sugar is gently heated in a retort with 5 parts of 
tiitric £icid of sj). gr. 1*42, diluted Avith twice its Aveight of Avuter; 
copious red fumes arc then disengaged, and the oxidation of the 
sugar Avith violence and rapidity. When the action 

slackens, heat may be again applied to the vessel, and the liquid 
concentrated by distilling off the siH)erfluous nitric acid, until it 
deposits crystals on cooling. These are drained, redissoh’^ed in 
a small quantity of hot Avater, and the solution is set aside to cool. 

2. By heating saAv^dust with caustic alkali. 

Many years ago, Gay-Lussac observed that wood and several 
other organic substances were converted into oxalic acid by fusion 
Avith caustic potash. Messrs Eoberts, Pale, & Co. have lately 
founded upon this observation a iieAv method for the preparation 
of oxalic acid, Avhicli furnishes this acid much cheaper than any 
■* Kolbe ami Drcclisel, Chem. Soc. Journal [2], vi. 121. 
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Other process. A mixed solution of the hydrates of sodium and 
potasnum, in the proportion of two equivalents of the former to 
one of the latter, is evaporated to about 1-36 sp. gr., and then 
mixed with sawdust, so as to form a thick paste, which is placed 
in thin layers on iron plates. The mixture is now gradually 
heated, care being taken to keep it constantly stirred. The action 
of heat expels a quantity of water, and the mass intumesces 
strongly, with disengagement of much inflammable gas, consist- 
ing of hydrogen and carbonetted hydrogen. The mixture is now 
kept for some hours at a temperature of 400 ® F. ( 204 ® C.), care 
being taken to avoid charring, which would cause a loss of oxalic 
acid. The product thus obtained is a grey powder; it is now 
treated with water at about 60 ® F. ( 15 * 5 ® C.), which leaves the 
sodium oxalate undissolved. The supernatant liquid is d:awn off, 
evaporated to dryness, and heated in furnaces to recover the 
alkalis, which are caustified and used for a new operation. The 
sodium oxalate is washed and decomposed by boiling with slaked 
lime, and the resulting calcium ox^alate is again decomposed by 
means of sulphuric acid. The liquid decanted from the calcium 
sulphate is evaporated to crystallisation in leaden vessels, and the 
crystals are purified by re-crystallisation. 

Oxalic acid separates from a hot solution in colourless, transpa- 
rent crystals derived from an oblique rhombic prism, and consist- 
ing of C2H204,2 HoO. The two molecules of crystallisation-water 
may be expelled oy a very gentle beat, the crystals crumbling 
down to a soft white powder, consisting of anhydrous oxalic acid, 
C2H2O4, which may ])e sublimed in great measure without decom- 

f )Osition. The ciystallised acid, on the contrary, is decomposed 
)y a high temperature into formic acid, carbon monoxide, and 
carbon dioxide, without leaving any solid residue : 

2C2H2O4 = CH2O2 + CO + 2CO2 + H2O. 

The crystals of oxalic acid dissolve in 8 parts of water at 15 * 5 ^, 
and in their own weight, or less, of hot water: they are also 
soluble in spirit. The aqueous solution has an intensely sour 
taste and most powerful acid reaction, and is highly poisonous. 
The proper antidote is chalk or magnesia. Oxalic acid is decom- 
posed by hot oil of vitriol into a mixture of carbon monoxide and 
carbon dioxide : it is slowly converted into carbonic acid by nitric 
acid, whence arises a considerable loss in the process of manufac- 
ture from sugar. The dioxides of lead and manganese effect the 
same change, becoming reduced to monoxides, which form salts 
with the unaltered acid. 

Oxalates. — Oxalic acid, like other bibasic acids, forms with 
monatomic metals, neutral or normal salts containing C|^M204, and 
acid salts, C2HMO4. With potassium and ammonium it likewise 
forms hyper-acid salts, e,g,^ C2HKO4.C2H2O4, or C4H3KO8. With 
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most diatomic metals it forms only neutral salts, C2M''04 ; with 
barium and strontium, however, it forms acid salts analogous to 
the hyper-acid oxalates of the alkali-metals. It also forms nume- 
rous well-crystallised double salts. It is one of the strongest 
acids, dec^posin^ dry sodium chloride when heated, with evolu- 
tion of hyfnrochloric acid, and converting sodium chloride or nitrate 
in aqueous solution into acid oxalate. 

The oxalates of the alkali-metals are soluble in water ; the rest 
are for the most part insoluble in water, but soluble in dilute 
acids. 

All oxalates are decomposed by heat. The oxalates of the 
flkpli -metals, and also of the alkaline earth-metals, if not too 
strongly heated, give off carbon monoxide and leave carbonates, 
while the oxalates of those metals whose carbonates are decom- 
posed by heat (zinc and magnesium, for example) give off carbon 
monoxide and carbon dioxide, and leave metallic oxides. The 
oxalates of the more easily reducible metals (silver, copper, &c.), 
give off carbon dioxide and leave the metal ; the lead-salt leaves 
suboxide of lead, and gives off. 3 volumes of carbon dioxide to 
1 volume of carbon monoxide : 

2C2PV'04 - PbgO + 3CO2 + CO. 

Oxalates heated with sulphuric acid give off carbon monoxide 
and dioxide, and leave a residue of sulphate. In this case, as well 
as in the decomposition by heat alone, no separation of carbon 
takes place, and consequently the residue does not blacken : this 
character distinguishes the oxalates from the salts of all other 
carbon acids. 

Oxalic acid and the soluble oxalates give with calcium chloride a 
precipitate of calcium oxalate, insoluble in water and in acetic acid, 
but soluble in hydrochloric and nitric acid. This reaction affords 
a very delicate test for the presence of oxalic acid : the insolubility 
of the precipitated oxalate in acetic acid distinguishes it at once 
from the phosphate. 

Potassium Oxalates. — The neutral saltj C2K204.2aq., pre- 
pared by neutralising oxalic acid with potassium carbonate, crys- 
tallises in transparent rhombic prisms, which become opaque and 
anhydrous by heat, and dissolve in 3 parts of water. — The acid 
oxalate or binoxalatej C2HKO4. 2 aq., sometimes called Salt of Sorrel, 
from its occurrence in that plant, is found also in other species of 
Rumex, in Oxalis acetosella, and in garden rhubarb, associated with 
malic acid. It is easily prepared by dividing a solution of oxalic 
acid in hot water into two erjual portions, neutralising one with 
potassium carbonate, and adding the other: the salt crystallises, 
on cooling, in colourless rhombic prisms. The crystals have a 
sour taste, and require 40 parts of cold, and 6 of boiling water for 
solution, A solution of this salt is often used for removing ink 
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from paper. The hyper-acid oxalate or (piadroxala^ej C2HKO4. 
C2H2O4. 2 aq., is prepared by a process similar in principle to that 
last described The crystals are modified octohedrons, and are 
less soluble than those of the binoxalate, which the salt in other 
respects resembles. ^ 

Sodium oxalate^ C2Na204, has but little solubility ; Wbmoxalate 
exists. 

Ammonium Oxalates. — The neutral sali^ 02(^^4)204.2 aq., is 
prepared by neutralising a hot solution of oxalic acid with ammo- 
nium carbonate. It crystallises in long, colourless, rhombic- 

J )risnis, which effloresce in dry air from loss of water of crystal- 
isation. They are not very soluble in cold water, hut dissolve 
l ively by the aid of heat. 

The dry salt, when heated in a retort, gives off water and yiehls 
a sublimate of oxamide;* 


(ao,r(ONHj, == 2 H 2 O + (C202y'(NH2)2 

Ammun.um oxalate. Oxuniidc. 

When distilled with phosphoric oxide, it gives up four mole- 
cules of water, and yields a considerable quantity of cyanogen, 
C2(NH4)204— 4H20 = 2CN. Other products, are, however, formed 
at the same time. 

Acid ammonium oxalate^ or hinoxalate, C2H(NH4)04.aq., is still 
less soluble than the neutral salt. When heated in an oil-bath to 
232 °, it loses one molecule of water, and yields oxamic acid, 
C2H3NO3, or (0202/ (^H)(Nll2) ; other 2)roducts are, however, 
formed at the same time. 

Calcium Oxalate, C2Ca"04.4aq., is formed whenever oxalic 
acid or an oxalate is added to a soluble calcium-salt; it falls as a 
white powder, which acquires density by boiling, and is but little 
soluble in dilute hydrochloric, and (^uite insoluble in acetic acid. 
Nitric acid dissolves it easily. When dried at 100°, it retains a 
molecule of water, which may be driven off by a rather higher 
temperature. Exposed to a red heat in a close vessel, it is con- 
verted into calcium carbonate, with escai^e of carbon monoxide. 

The oxalates of barium, zinc, manganese, copper, nickel, cobalt, 
and ferrous oxalate, are nearly insoluble in water: magnesium 
oxalate is sparingly soluble : ferric oxalate is freely soluble. — 
Potassio-cliromic oxalate, K.jCr"'(C204)3 . 3 aq., i)i^epared by dissolv- 
ing in hot water 1 part of potassium bichromal.e, 2 parts of potas- 
sium binoxalate, and 2 parts of crystallised oxalic acid, is one of 
the most beautiful salts known. The crystals appear black by 
reflected light, from the intensity of their colour, which is pure 
deep blue : they are very soluble. A corresponding potassio-ferric 
oxalate has been Ibmied : it crystallises freely, and has a beautiful 
green colour. 


See the Chapter on Amides. 
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Ethyl Oxalates. — The nmtral oxalate, or Oxalic ether, 
is most easily obtained by distilling together 4 parts 
of potassium binoxalate, 5 parts of oil of vitriol, and 4 parts of 
strong alcohol. The distillation may be pushed nearly to dryness, 
and the r^griver kept warm, to dissipate any ordinary ether that 
n a;> ^*e fomed. The product is mixed with water, by which the 
o uli ether is separated from the undecomposed spirit: it is 
r« pc dly washed to remove adhering acid, and re-distilled in a 
SI r L retort, the first portion being received apart and rejected. 
Another very simple process consists in digesting emial parts ol‘ 
alcohol and dehydrated oxalic acid in a flask furnished with a 
long glass tube in which the volatilised spirit may condense. 
After six or eight hours’ digestion, the mixture generally contains 
only traces of unetherified oxalic acid. 

Pure oxalic ether is a colourless, oily liquid, of pleasant aromatic 
odour, and 1*00 sp. gr. It boils at ISS’S"", is but little soluble in 
water, and is readily decomposed by caustic alkalis into a metallic 
oxalate and alcohol. With solution of ammonia in excess, it 
yields oxamide and alcohol ; thus : 

(CAyxoc^H,)^ + 2NH3 = 2HOC2H, -f 

This is the best process for preparing oxamide. 

When dry gaseous ammonia is conducted into a vessel contain- 
ing oxalic ether, the gas is ra])idly absorbed, and a white solid 
substance produced, vdiich is soluble in hot alcohol, and separates 
on cooling in colourless, transparent, scaly crystals. They dissolve 
in water, and are both fusible and volatile. This sui)stance is 
oxamctliaiie, the ethyKc ether of oxamic acid.* 

(CP^YXOCP,), + NH3 = HOC A + Gp,(NH2)(OC,Il3). 

The same substance is formed when ammonia in small quantity is 
added to a solution of oxalic ether in alcohol. 

When oxalic ether is treated with excess of dry chlorine in sun- 
shine, a white, colourless, crystalline, fusible body is produced, 
insoluble in water, and instantly decomposed by alcohol. It 
consists of perchlorethylic oxalate, C^CIjqO^, or (02015)20904, 
or oxalic ether in which the whole of the hydrogen is replaced bj' 
chlorine. 

Ethyl oxalate is converted by potassium or sodium into ethyl 
carbonate, with evolution of carbon monoxide : C2(C2H5)204 == 
C(C2H5)203 -f- CO ; but the reaction is complicated by the forma- 
tion of several other products. 

When ethyl oxalate is agitated with sodium amalgam in a vessel 
externally cooled, a product is obtained wliich is separated by 
ether into a soluble and an insoluble portion, the latter consisting 
of fermentable sugar, together with sodium oxalate and at least 

* See the Chapter on Amides. 

2 Z 
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sodium-salt, while the ethereal solution yields, hv soon 
toawug ev^ra^ou, crystals having the composition C„H^O 
U^^ststutg of the ethylic ether of a teibaric acid ^ W O*’ 
eallj^ deoxahc acid, because it is produced by deoxidatmn of 
^ : 6C^,H,0, + 5H, = 2C,hLo, + 4H.0 ; 

carbonic acid, Injcause it contains the elements of rScemic acid 
and carbon dioxide, CO., and is resolved into those two 
comj>ound8 when its aqueous solution is healed in a sealed tube 
with a small miantity of sulpliuric acid. The decomposition of 
ethylic oxalate by soilium amal^^im has not been conqdetely in- 
vestigated, but the formation of <leoxalic acid and glucose may be 
represented by the equation : 

SCgH.O^ + 14H,, = 20511 ^ 0 ^ + f + 10 H,O. 


Ethyl oxalate treated with zinc-ethyl, and aft(*rwards with 
water, yields tlie ethylic ether of diethoxalic acid, C 2 H 2 (CiiHrJ»Oj , 
and similar products with zinc-methyl and zinc-amyl (j). 7(>5), 

Acid ethyl oxalate^ or Etlmfloxalic acid, C.>H(C 2 H 3 ) 04 , or 
(cp^yxoHxoc^H.), is obtained as a potassium-salt by adding to 
a solution of neutrm etliyl oxalate in absolute alcohol, a ([iiantity 
of alcoholic potash less than sufficieut to convert the whole into 
])Ota8sium oxalate and alcohol ; on dissolving this salt in hydrated 
alcohol, carefully saturating with sulphuric acid, and neutralising 
with carbonate of lead or barium, the ethyl oxalate of lead or 
barium is obtained, — The acid itself is prepared by decomposing 
either of these salts with sulphuric acid ; but it is very unstable, 
and is decomposed by concentration into alcohol and oxalic acid. 
The potassiurri-salt, C 2 (C 2 H 5 )K 04 , forms crystalline scales wliich 
begin to decompose towards 100°. 

Methyl Oxalate, C 2 (CHJ 204 ? 025 easily 

prepared by distilling a mixture of equal weights of oxalic acid, 
wood-spirit, and oil of vitriol. A spirituous liquid collec.ts in the 
receiver, which, wlien exposed to the air, quickly evaporates, leav- 
ing the methyl oxalate in the form of rhombic, transp{irent, crys- 
talline plates, which may be purified by x)ressure between folds of 
bibulous j)aper, and reclistilled from a little oxide of lead. The 
product is colourless, and has the odour of ethyl oxalate ; it melts 
at 51°, and boils at 161°; dissolves freely in alcohol and wood - 
spirit, also in water, which, however, rapidly decomposes it, espe- 
cially when hot, into oxalic acid and wood-spirit. The alkaline 
hydrates effect the same change even more easily. Solution of 
ammonia converts it into oxamide and methyl alcohol. With dry 
ammoniacal gas it yields methyl oxamate, or oxamethylane, 
(^Ho)(OCH.j), a white, solid substance, which crystallises 
from alcohol in pearly cubes. 

Ethene Oxalate, C 2 (C 2 H 4 )" 04 , or (C 2 P 2 yXC 2 H 402 )", appears 
to be formed by the action of ethene bromide on silver oxalate. 



MALONIC AND SUCCINIC ACIDS. 


723 


Malonic Acid, C3HA=(CH2y:(C02H)2=(C2H20J'(OH)2. 
— This acid is formed by the slow oxidation of propene glycol 

(p. 616): 

C3H,02 + 04 = 2H2O + C3H4O4; 

also by oJIdising malic acid with a cold solution of potassium 
chromate : 

C4HA + 02 = CO2 + H2O + C3H4O4; 

and by the action of alkalis on cyanacetic acid, or better, on ethyl 
cyanacetate : 

C2ll5.C2H2(CN)02 + 3H2O = NH3 + C2H,0 + C3H4O4 

Malonic acid forms large rhombohedral crystals, soluble in water 
and alcohol, melting at 140^, and resolved at 1/50° into carbon 
dioxide and acetic acid. — Its relations to bodies of the uric acid 
group will be noticed hereafter. 

Succinic Acid, C 4 H^ 04 =(C 2 H 4 )'(C 02 H) 2 =(C 4 H 402 ^^ 

— Tliis a(*id is produced; 1 . Uy heating ethene cyanide* with 
alcoholic potash ; 

C2H4(CN)2 + 4H2O = 2KII3 + C 4 H« 04 . 

2 . By the action of nascent hydrogen (evolved by sodium- 
amalgam) on maleic acid, or its isomeride, fumaric acid : C 4 H 4 O 4 + 
H 2 = 04 HqO.^. — 3. By the action of hydriodic acid (or watm* and 
phosphorus iodide) on malic acid, C4H3O3, or tartaric acid, 
the reaction consisting in the abstraction of 1 or 2 atoms of oxygen, 
with formation of water and separation of iodine. — 4. By the fer- 
mentation of malic or fumaric aciils and of many other organic 
substances, especially under the influence of putrefying casein ; in 
small quantity also during the alcoholic fermentation of sugar (p. 
572, foot note). — 5. By the oxidation of many organic substances, 
especially of the fatty acids, Cnll 2 n 02 , and their glycerides, under 
the influence of nitric acid. Its formation from butyric acid is 
reiiresented liy the equation C4H^02+03=H20+C4H(j04. 

Succinic acid occurs ready formed in amber and in certain 
lignites, and occasionally in the animal organism. By heating 
amber in iron retorts, it may be obtained in coloured crystals, 
which may be purified by treatment with nitric acid and re- 
crystallisation from boiling water. The acid is, however, more 
advantageously prepared by the fermentation of malic acid, the 
crude calcium malate obtained by neutralising the juice of moun- 
tain-ash berries with chalk or slaked lime being used for the pur- 
pose. This salt is mixed in an earthen jar with water and yeast, 
or decaying cheese, and left for a few days at 30° or 40° ; the cal- 
cium vsuccinate thus obtained is decomposed by dilute sulphuric 

• l^thene cyanide is obtained by heating ethene bromide, C2H4Br2, with 
an alcoholic solution of potassium cyanide. 
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acid; and the succinic acid is purified by crystallisr.tbm from 
water and by sublimation. 

Succinic acid crystallises in colourless, obIi<[ue rhombic prisms 
which dissolve in 5 parts of cold and in 3 parts of boilin^r water - 
it melts at 180 "^, and boils at 235 Vat the same time ^uidergoin^^ 
decomposition into water and succinic oxide, or anhydride^ 
0^11403, or (C4H402)"C>. Tlie same compound is formed l)y the 
action of phosphorus pentachloride on succinic acid ; C4HQ04-t- 
PCl5=2HCl+POCl3+C.H4()j. It is a white mass, less soluble 
in water, but more soluble in alcohol, than succinic acid. 

Succinic acid, being bibasic, forms, with mona<l metals, acid and 
neutral salts, C4H5MO. and C4H4M2O4, and with dyad metals, 
neutral salts containing C4H.M"U4, and acid salts C4H4M"04.C4Hg04. 
— There are also a few double succinates, several basic lead-salts, 
and a hyperacid potassium-salt. 

Succinic acid is distinguished from benzoic acid by not being 
precipitated from its soluble salts by mineral acids, and by form- 
ing a white preci])itate with barium cliloride, on addition of 
ammonia and alcohol. 

Pyrotartaric Acid, - (C^llJXC 02 lV 2 = 

is j)roduced l)y the dry distillation of tartaric acid, ancl by the 
action of alcoholic potash on propene cyanide, It 

forms rhombic prisms, very soluble in water, alcohol, and ether ; 
melts at 112°, and volatilises at about 200°, being partly resolved 
into water and pyrotartaric oxide, C^JIgOo. It forms acid 
and neutral salts anab^gous to the succinates. 

Adipic Acid, C^Hi(,04, and Pimelic Acid, C7H42O4, are jiro- 
duced by the oxidation of fats with nitric acid. 

Suberic Acid, C0H.4O4, has long been known as a product of 
the oxidation of cork by nitric acul. Recently it has been pro- 
duced, together with other acids of the series, by the long-continued 
action of nitric acid upon stearic and oleic acids and other fatty 
bodies. Suberic acid is a white crystalline powder, sparingly 
soluble in cold water, fusible and volatile by heat. 

Ancboic Acid, or Lepargylic Acid, C9H40O4, is formed, to- 
gether with other products, by the action of nitric acid on Chinese 
wax and on the fatty acids of cocoa-nut oil. — Azelaic acid, 
obtained by oxidising castor-oil with nitric acid, has the same 
composition as anchoic acid, but differs so much from it in 
physical properties, that it must be regarded as an isomeric or 
Jillotropic modification. 

Sebic or Sebacic Acid, C\9H4o 04 is a constant product of the 
ilestructive distillation of oleic acid, olein, and all fatty substances 
containing those bodies; it is extracted by boiling the distilled 
matter with water : it is also formed by the action of potash on castor- 
oil (see p. 608 ). It forms small pearly crystals resembling those 
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of benzoic acid. It has a faintly cid taste, is but little soluble in 
cold water, melts when heated, a .d sublimes unchanged. 

Broccellic Acid, C17II32O4, exists in Roccella tinctoria^ and other 
lichens of the same genus, also 4 n Lecanora tartarea^ and is obtained 
l)y exhausting the first-mentioned plant with aqueous ammonia, 
precipitating the filtered licjuor with calcium chloride, and decom- 
posing the resulting calcium salt with hydrochloric acid. When 
purified by solution in ether, it forms white, retangular, four-sided 
tabular crystals, melting at 132 °, and subliming at 200 °, being 
])artially converted at tiie same time into an oxide, 

This acid decomposes carbonates. 


2. — Fumaric Series, CnH2n— 4O4. 

This series includes the two following groups of isomeric acids : — 

Finnaric and Maleic acids, . . . C4H4O4 

Itaconic, Citraconic, and Mesaconic acids, C5II6O4. 

ITiey are unsaturated compounds, capable of taking uj) two atoms 
of hydrogen, bromine, and other monad elements, and passing into 
acids of the preceding series. 

Fumaric and Maleic Acids, C4H4O4 = (Cyd^XCOaH)^ = 
(C4H202)(0H)2. — When malic acid is heated in a small retort, 
nearly hlled, it melts, emits water, and enters into ebullition, and 
a volatile acid passes over, which dissolves in the water of the 
receiver. After a time, small solid crystalline scales make their 
appearance in the boiling lic^uid, and incietise in quantity until 
the whole becomes solid. The process may now be interrupted, 
and tlie contents of tlie retort, after cooling, treated with cold 
water : unaltered malic- a(‘id is thereby dissolved out, and fumaric 
acid is left behind. This acid may also be extracted from the 
common fumitory (Fiimaria ojficinalis). 

Fumaric acid forms small, while, crystalline laminee, which 
dissolve freely in hot water and alcohol, but require for solution 
about 200 parts of cold water : it is unchanged by hot nitric acid. 
When heated in a current of air it sublimes, but in a retort it 
undergoes decomposition : this is a phenomenon often observed in 
organic bodies of small volatility. Fumaric acid forms acid and 
neutral metallic salts, and an ether, which, by the action of 
ammonia, yields fumaramide (C4H202)(NH2), in the foim of a 
white, amorphous, insoluble powder. 

The volatile acid produced simultaneously with fumaric acid is 
called maleic acid ; it may be obbiined in crystals by evaporation 
in a wai’m place. It is very soluble in water, alcohol, and ctlier, 
has a strongly acid taste and reaction, and is convertible by heal 
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iuto^ fumaric acid. Maleic and fumaric acids are formed from 
malic acid by separation of a molecule of water. Fumaric acid, 
when heated with bromine, combines with 2 atoms of that 
element, forming dibromosuccinic acid, C4H4Br204, which 
resembles in all its properties the dibroininated acid prepared 
from succinic acid by direct substitution. On heating fumaric 
acid with hydriodic acid, it passes into succinic acid. The same 
reaction takes place on treating fiuuaric acid with water and sodium- 
amalgam : C4H4O4 -f = 0411^04. The deportment of maleic acid 
■ with bromine and nascent hydrogen is j)erfectly analogous to that 
of fumaric acid : when treated with hydriodic acid, it passes first 
into fumaric acid, and then into succinic acid. 

Itaconic, Oitraconic, and Mesaconic Acids, C^^HqO . — The 
first two of these acids are produced by the action of heat on citric 
acid. When crystallised citric acid is heated in a retort, it first 
melts in its water of crystallisation, and then boils, giving off 
water. Afterwards, at about 176°, vapours of acetone distil over, 
and a copious disengagement of carbon monoxide takes place. At 
this time the residue iii the retort consists of aconitic acid. If tha 
distillation be still continued, carbon dioxide is given off, and 
itaconic acid crystallises in the neck of the retort. If these 
crystals be repeatedly distilled, an oily mass of citraconic oxide or 
anhydride is obtained, wliich no longer solidifies. These decom- 
positions are represented by the following equations : — 

CeHgO, ~ H.O = C,HA; C«HA - CO., = C^H^; 

Citric Aconitic Aconitic Itaconic 

acid. acid. acjd. acid. 

C,H„0, - H,0 = C^H^O., 

Itaconic Citraconic 

acid. oxide. 

The citraconic oxide when exposed to the air absorbs moisture, 
and is converted into crystallised citraconic acid, 0^11^04. 

Mesaconic acid is produced by boiling itaconic acid with weak 
nitric acid. These three isomeric acids are all converted hy 
nascent hydrogen into pyrotartaric acid, Cr,Hg04. They also 
take up a molecule of hydrobromic acid H 13 r, forming monobro- 
mopyrotartaric a(‘Ad, C-H5-Br04, or of bromine, Br«, forming dibro- 
mopyrotarlaric acid. Itaconic and citraconic acids are, how^ever, 
more inclined to these transformations than mesaconic acid, which 
is altogether a more stable compound.* 

* For an explanation of tlie isomerism between these three acids, see 
Kekxile (Bulletin de la Bociote Royale de BelgKjue [2], xxxiv. 8; also 
Laboratory, p. ^6*9), and Watts's Dictionary of Chemistry, Supplement, 
p. 48. 
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TBIATOMIC AND MONOBASIC ACIDS. 

These acids are derived from t'^'atomic alcohols by substitution 
of O for H2, as glyceric acid, 031^^04, from glycerin C3HQO3 : 


CH,OII * 

1 ^ 

CHgOH 

1 ^ 

CHOH 

1 

CHOH 

1 

CHgOH 

COOH 

Glycerin. 

Glyceric acid. 


The known acids of this class belonging to the fatty group are 
gljoxylic acid and glyceric acid. 

Olyoxylic Acid, C2H4O4 = OH- CPIgOH- COOII,is produced: 

1 . By the action of nascent hydrogen (evolved by zinc and sul- 
])huric acid) on oxalic acid : 

G2H2O4 + H2 = C2H4O4. 

2 . By boiling silver bromogly collate with water : 

C2H2AgBr03 + HP = AgBr + C2H4O4. 

3 . By the oxidation of glycol, alcohol, or glyoxal with nitric 
acid : 


Glycol. 

+ 

03 

=f 

C,H, 0 , 

+ 

HgO 

C^H^O 

Alcohol. 

+ 

O 4 


C 2 H 4 O, 

+ 

H 2 O 

a, up, 

Glyoxal. 

-f 

0 

+ 

H,0 

= 

c,u,o,. 


Glyoxylic acid nuiy be obtained by evtaporation in the form of 
a viscid transparent syrup, which dissolves readily in water, and 
<listils without alteration at 100° It dissolves zinc without 
evolution of hydrogen, and is converted into glycollic acid : 
0311404 + Hg = O2H4O3 + HgO. Olyoxylic acid forjiis salts 
most of which arc represented by the formulae MC2H3O4, and 
M"(C2H304)2, e.cf.^ the silver-salt is AgC2H304, and the calcium-salt, 
Ca"((J2H304)2, The ammonium-salt, however, has the composi- 
tion (NH4)t.^H03, apparently derived from an acid containing 
OgHgOo. This is indeed the formula originally assigned to 
glyoxylic acid by Helms,* who discovered it. This formula is 
perfectly consistent with the formation of the acid by oxidation of 
glyoxal, glycol, and alcohol; but, on the other hand, its formation 
from oxalic and from bromoglycollic acid seems rather to show that 
it (consists of C2H4O4 .t Moreover, if the acid were really 

* Phil. Mag. [4], xii. 36. 

Perkin and Dnppa, Cheni. Soc. J. [2j, vi. 197. 
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it would be necessary to suppose that all the glyoxylates, except 
the ammonium salt, contain water of crystallisation, the silver sail., 
for example, bemg AgOjHOg.HjO ; now, there is no other known 
instance of a silver salt containing water. The ammonium-salt 
above mentioned is perhaps an amide, NH^CgHgOg), formed from 
ammonium glyoxylale, (N 114)0311304, by abstraction of water. 

Olyceric Acid, C3Hg04, is produced by the action of nitric acid 
on glycerin; also by the spontaneous decomposition of nitro- 
glycerin,' and by heating glycerin with biomine and a large 
quantity of water to 10t)° in a sealed tube : 

C3H3O3 -f SBrg - 1 - HgO = 4 HBr + C.HA. 

Glyceric acid, when concentrated, is a colourless non-crystallising 
syrup Avhich, when heated for some time to 105 °, gives off water 
and is converted into glyceric o-xide or anh}alride, C3H4O3 . Treated 
with phosphorus iodide, it is converted into iodopropionic acid. 

The glycerates, 3rC3HgO^ and M'"(C3H.04)2, are soluble in 
water and crystallise well. They ai^ not redilened by ferrous sul- 
]>hate,and are thereby distinguished from the ]\vruvates, IVrC'ylljOa. 
HgO, with which they are isomeric. 


thiatomic and uibasic acids. 

The only known acids of this group are m a 1 i c acid, C4HgO-. 
and tartronic acid, ('311405, obtained by the sjanitaneous de- 
composition of nitrotartaric acid, and perhaps also croconic acid, 
(p. 737 .). 

^ COOH 


(JHOH 

Malic Acid, C4H6O5 = (C4H302)'"(OH)3, or | .-This 

CJU2 

ioOH 

acid is fonned syntlietically by the action of moist silver oxide* 
on monohromosuccinic acid ; 

+ Ag .,0 + H2O = 2AgBr + SC^II.O,. 

It is also produced by the action of nitrous acid on asparagine, 
a substance existing in asparagus, marsh-mallow, and other plants, 
or on aspartic acid, an acid formed by the decomposition of 
asparagine under the influence of acids or alkalis : 

+ 2HNO2 =- + 2H2O + 2N2 

Asparagine. Malic acid. 

C4H7NO4 -f HNO2 = C4HA + H2O + Ng. 

Aspartic acid. Malic acid. 
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Malic acid is the acid of apples, pears, and various other fruits ; 
it is often associated with citric acid. It may be advantageously 
prepared from the juice of the garden rhubarb, in which it exists 
in large quantity, accompanied by acid poUissium oxalate. /The 
rhubarb stalks are peeled, and ground or grated to pulp, which is 
subjected to pressure. The juice is heated to the boiling point, 
neutralised with potassium carbonate, and mixed with calcium 
acetate : insoluble calcium oxalate then falls, and may be. removed 
by filtration. To the clear and nearly colourless liquid, solution 
of le^id acetate is added as long as a precipitate continues to be 

f n‘oduced, and the lead malate is collected on a filter, washed, dif- 
used through water, and decomposed by sulphuretted hydrogen.* 
The filtered liquid is carefully evaporated to the consistence of a 
syrup, and left in a dry atmosphei'e till it becomes converted into 
a solid and somewhat crystalline mass of malic acid. From the 
berries of the mountain-ash (Sorbiis auciqxiria), in which malip acid 
is likewise ])resent in considerable quantity, especially at the time 
they begin to ripen, the acid may be ])repare<l by the same process. 

Malic acid crystallises in groups of colourless ])risnis, slightly 
deli(j[uescent and very soluble in water : alcohol also dissolves it. 
The aqueous solution has an agreeable acid taste: it becomes 
mouldy and H])oils by kee2)ing. In contact with ferments, espe- 
cially of jmtrefymg cheese, it is decomi)osed, yielding succinic 
and acetic acids and cfirbon dioxide : 

3C4HA = 20, HA + C,H,02 + 2CO2 + up. 

Sometimes also butyric acid and hydrogen are found among the 
products of the fermentation. Malic acid is converted into 
succinic acid by digesting it in sealed tubes with hydriodic 
acid : 

C,HA + 2 HI == C,HA + HP + L,. 

The reconversion of suc.cinic into malic acid has been already 
mentioned. The sodium-salt of bromoinalic acid, O^H^BrOfi, 
obtained by boiling an acjiieous solution of sodium dibromosuc- 
cinate (C4H^NaBrji04), is converted by boiling with lime-water 
into the calcimn-salt of tartaric acid, C4HQOg : 

C4H,BrO., + Hp = HBr + C4HP,. 

Malic acid forms both acid and neutral sall,s. The most char- 
acteristic of the malates are acid ammonium malate^ C4H5(NH4)0^, 
which crystallises remarkably well, and lead malate^ C4H4Pb'Ai 
3 aq., which is insoluble in pure w^ater, but dissolves to a con- 
siderable extent in warm dilute acids, and separates on cooling in 
brilliant silvery crystals, containing winter. By ^this character 

♦ If the acid be required pure, ciystallised lead malate must he used, 
the freshly precipitated salt invariably carrying down a quantity of lime, 
w'hich cannot be removed by simple washing. 



730 


FATTV group: TRIATOMIO AND TRIIU8IC ACTDS. 


the acid may be distinguished. Acid calcivm malate, C,jH4Ca^05. 
^4^(505. 8 aq., is also a very beautiful salt, freely soluble in wann 
water. It is prepared by dissolving the sparingly soluble neutral 
nialate in hot dilute nitric acid, and leaving the solution to cool. 

Malic acid, as it exists in plants, and as obtained from aspara- 
gine, or from aspartic acid produced from the latter, exerts a 
rotatory action on polarised light ; [«] = — 5® ; but by the action 
of nitrous acid on inactive aspartic acid (resulting from the decom- 
position of fumarimide), Pasteur has obtained a modification of 
malic acid which is also optically inactive. 


TRIATOMIO AND TRIBA8IC ACIDS. 

But few of these acids have yet been obhuned ; the most impor- 
tant are aconitic acid and carballylic acid. 

Aconitic Acid, CgHgOj = (CgH303)'"(0H)3, exists in monk’s- 
hood (Aconitum Napellm), and othiSr plants of the same genus, 
also in Kquisetum flmnatile, and is one of the products obtained by 
the dehydration of“ citric acid (p. 72fi). 

When crystallised citric acid is heated in a retort till it begins 
to become coloured, and to undergo decomposition, and the fused, 
glassy product, after cooling, is dissolved in water, aconitic acid 
remains as a white, confusedly .crystalline mass, permanent in the 
air, and very .soluble in water, alcohol, and ether ; the solution has 
an acid and astringent taste. The salts of aconitic acid possess but 
little interest ; that of hariim forms an insoluble gelatinous mass ; 
calcium aconitate, which is slightlv soluble in water, is found 
abundantly in the -expressed juice of monk’s-hood, and magnesium 
aconitate in that of Equisetum. 

, Carballylic Acid,CoHgOg=(CgH 303 )"'(OH) 3 =(C 3 HJ"(C 03 H),, 
is produced by the action of nascent hydrogen on aconitic acid, 
and by that of alcoholic potash on propenyl tricyanide, or tricy- 
anhydrin ; 

(C 3 H J"(CN )3 -1- 3KOH 4- 3H,0 = 3 NH 3 4 - (C 3 HJ”( 00 . 3 K) 3 . 

It fonns colourless trimetric crystals easily soluble in water and 
alcohol, slightly soluble in ether. The carballylates of the alkali- 
metals are easily soluble in water, the rest insoluble or sparingly 
soluble. The ethylic ether, (CgH503)'"(0C2H5)3, is a liquid boiling 
between 295° and 305°. 
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TETRATOMIC ACIDS. 

These acids may he derived from tetratomic alcohols by substi- 
tution of one, two, three, or four atoms of oxygen for a cori'espond- 
ing number of hydrogen molecules : 


CH20H 

CHgOH 

COOH 

1 

(^HOH 

1 

CHOH 

1 

CHOH 

I 

CHOH 

1 

CHOH 

CHOH 

iooH 

CH2OH 

I 

COOH 

Ely till itc. 

Erythric acid 
(monobasic). 

Tartaric acid 
(bibasic). 


Oidy one tetratomic acid has, however, been actually formed 
by oxidation of the corresj>ouding alcohol, namely, erythric acid, 
C^HgOg, from erytlirite, C4 Hiq04. 

The known tetratomic acids are Gallic acid, C^HgOg, and 
Erythric acid, C4Hg(b, which are monobasic; Tartaric acid, 
C4trgOg, and an acid, CgHgO^j, homologous with it, obtained bv 
the action of moist silver oxide on dibromopyrotartaric acid, which 
are bibasic; and Citric acid, wliich is tribasic. 

Opianic, hemipinic, and meconic acids, are probably also 
tetratomic acids, the first being monobasic, the second bibasic, and 
the third tribasic. 

Gallic acid belongs to the aromatic group ; eiylhric acid will 
be described with the colouring matters of lichens. 

Tartaric Acid, C,HoO« = (C,HA)(OH)4=(C2HJ' HcO,H),' 

— This formula includes four bibasic acids, distingiiisheu from one 
another by certain physical properties, especially by their crystal- 
line forms, and their action on polarised light — namely, Dextro- 
tartaric acid, which turns the jdaiie of polarisation to the right ; 
Levotartaric acid, which turns it to tlie left with c([ual force; 
Paratartaric, or Racemic acid, which is optically inactive, 
and separable into equal quantities of dextro- and levotartaric 
acids ; and an inactive variety of tartaric acid, which is not thus 
separable. 

Dextrotartario or Ordinary Tartaric Acid. — This is the 
acid of grapes, tamarinds, xiine-aiqile^, and several oilier Iniits, 
in which it occurs in the state of an acid potassium-salt ; calcium 
tartrate is also occasionally met with. The tartaric acid of com- 
merce is wholly prepared from tartar or argol^ an imiiure acid 
potassium tartrate^ deposited from wine, or rather from giaiie-juice 
in the act of fermentation. This substance is purified by solution in 
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hot water, with the aid of a little pipe-clay and animal charcoal, 
to remove the colouring matter of the wine, and subsequent crys- 
tallisation : it then constitutes cream of ta/rtavy and serves for the 
preparatio?! of the acid. The salt is dissolved in boiling water, 
and powdered chalk is added as long as effervescence is excited, or 
the li(juid exhibits an acid reaction : calcium tartrate and neutral 
potassium tartrate result ; the latter is separated from the former, 
which is insoluble, by filtration. The solution of potassium tar- 
trate is then mixed with excess of calcium chloride, which throws 
down all the remaining acid in the form of calcium-salt : this is 
washed and added to the former portion, and the whole is digested 
with a sufficient quantity of dilute sulphuric acid to withdraiv the 
base, and liberate the tartaric acid. The filtered solution is 
cautiously evaporated to a syrupy consistence, and placed to crys- 
tallise in a wann situation. Liebig has found that tartaric acid is 
artificially produced by the action of nitric acid upon milk-sugar. 
It may also be obtained from succinic acid. 

Succinic acid, when submitted to the action of bromine, 

yields two sul>stitution-})roducts, bromosuccinic acid, C 4 H 5 Br 04 , 
and dihromosuccinic acid, C\ILBrjO^. The latter, when treated 
with silver oxide in presence oi water, is converted into tartaric 
acid and silver bromide : 04 H 4 Br 204 Ag20 + H20==C4HA + 
2A^Br. 

Tartaric acid forms colourless, transparent crystals, often of 
large size, which have the figure of an oblique rhombic prism 
more or less modified ; they are permanent in the air, and inodor- 
ous ; they dissolve with great facility in water, both hot and cold, 
and are soluble also in alcohol. The solution reddens litmus 
strongly, and has a pure acid taste. The aipieous solution, as 
above mentioned, exhibits right-handed polarisation. This solu- 
tion is gradually spoiled by keeping. Tartaric acid is consumed 
in large quantities by the calico-printer, being employed to evolve 
chlorine from solution of bleaching powder, in the in'oduction of 
white or discharged patterns upon a coloured ground. 

Tartrates , — Tartaric acid is tetratomic and bibasic, two only 
of its hydrogen atoms being replaceable by metals, the other two 
by alcoholic or acid radicals. With monad metals it forms acid 
and neutral salts, C 4 H 5 M'Oo, and C 4 H 4 M 20 rt ; with dyad metals, 
neutral salts, C 4 H 4 M"Og, and double salts, like bario-potassic tar- 
trate,, C4H4Ba"0<j.C4H4K20Q. With triad metals it forms a 
peculiar class of salts, best known in the case of the antimony-salt 
(p. 733). 

Potassium Tartrates. — The nentral salt, C4H4K20g, may be 
procmed by neutralising cream of tartar with chalk, as in the pre- 
paration of the acid, or by adding potassium carbonate to cream 
of tartar to saturation ; it is very soluble, and crystallises with 
difficulty in right rhombic prisms, which are permanent dn the 



TARTARIC ACID. 


733 


air, and have a bitter, saline taste. The acid salt^ or cream of 
tartar^ C^ngKO^,, the origin and preparation of which have been 
already descril^ed, forms irregular groups of small transparent or 
translucent prismatic crystals which grate between the teeth. 
It dissolves pretty freely in boiling water, but the greater part 
separates as the solution cools, leaving about or less dissolved 
in the cold liquid. The salt has an acid reaction and a sour 
taste. When exposed to heat in a close vessel, it is decomposed, 
with evolution of inflammable gas, leaving a mixture of finely 
divided charcoal and pure potassium carbonate, from which the 
latter may be extracted by water. Cream of tartar is almost 
always produced when tartaric acid in excess is added to a 
moderately strong solution of a potassium-salt, and the whole 
agitated (p. 328). 

Sodium Tartrates. — Two of these salts are known — a neutral 
saltj C4H4Na20« + 2 aq. ; and an acid salt^ CgH^NaCg + aq. Both 
are easily soluble in water, and crystallisable. Tartaric acid and 
sodium bicarbonate form the ordinary effervescing draughts. 

Potassium and Sodium tartrate; Rochelle or Seiynette salt, 
C 4 H 4 KNaOq + 4 aq. — This beautiful salt is made by neutralising 
a hot solution of cream of tartar with sodium carbonate, and 
evaporating to tlie consistence of thin syrup. It separates in 
large, transparent, prismatic crystals, the faces of which are 
une(j[ually developed : these eflloresce slightly in the air, and dis- 
solve ill 1^ parts of cold water. Acids precipitate cream of tartar 
from the solution. Kochelle salt has a mild saline taste, and is 
used as a purgative. 

Ammonium Tartrates. — The neutral tartrate is a soluble and 
efflorescent salt, containing C4H4(NIl4)20g + aq. The acid tartrate, 
C 4 Hg(NH.)Og, closely resembles ordinary cream of tartar. A salt 
corresponding to Rochelle salt also exists, having ammonium in 
place of sodium. 

The tartrates of calcium, barium, strontium, magnesium^ and of 
most of the heavy metals, are insoluble, or nearly so, in water. 

PoTASSTO-ANTiMONious Tartrate, or tartar emetic, is easily 
made by boiling antimony trioxide in solution of cream of tartar : 
it is deposited from a hot and concentrated solution in crystals 
derived from an octohedron with rhombic base, which dissolve 
without decomposition in 15 parts of cold and 3 of boiling water, 
and have an acrid and extremely disagreeable metallic taste. The 
solution is decomx>osed by both acids and alkalis : the former 
throws down a mixture of cream of tartar and antimony triuxide, 
and the latter the trioxide, which is again dissolved by great ex- 
cess of the reagent. Sulphuretted hydrogen separates all the 
antimony in the state of trisulphide. The dry salt heated on 
charcoal before the blov^ipe, yields a globule of metallic anti- 
mony. The crystals contain 2 C 4 H 4 K(SbO)Og + aq,, thegrouji SbO 
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acting as a univalent radical, and replacing one atom of hydrogen. 
When dried at 100 ° they give off their water of crystallisation, 
and at 200 ° an additional molecule of water, leaving the compound 
C 4 H 2 K(Sb 0 ) 05 , which has the constitution of a salt, not of tartaric, 
but of tartrelic acid, C 4 H 4 O 5 . Nevertheless, when dissolved in 
water, the crystals again take up the elements of water, and re- 
produce the original salt 

An analogous compound, containing arsenic in place of anti- 
mony, has been obtained. It has the same crystalline form as 
tartar emetic. 

A solution of tartaric acid dissolves ferric hydi'ate in large 
quantity, forming a brown liquid, which has an acid reaction, and 
dries up by gentle heat to a brown, transparent, glassy substance, 
destitute of all traces of crystallisation. It is very soluble in 
water, and the solution is not precipitated by alkalis, either fixed 
or volatile. Indeed, tartaric acid, added in sufficient quantity to 
a solution of ferric oxide, or alumina, entirely prevents the pre- 
cipitation of tlie bases by excess of ammonia. Tartrate and am- 
moiiiacal tartrate of iron are used in medicine, these compounds 
having a less disagreeable taste than most of the iron prepara- 
tions. 

Solutions of tartaric acid give with lime and baryta-water, and 
with lead acetate, white precipitates, which dissolve in excess of 
tlie acid ; with neutral calcium and barium-salts no change is 
produced. Silver nitrate ju'oduces in neutral tartrates a white 
jm^cipitaie of silver tartrate, which dissolves in ammonia. On 
gently heating the solution, a bright metallic deposit of silver is 
ibrmed. The reaction of tartaric acid with solutions of potassium- 
salts lias been already noticed (p. 328). 

Tartaric Ethers. — 1 . Tartaric acid forms, with monatomic 
alcohol-radicals, acid and neutral ethers, in which one or both of 
the atoms of basic hydrogen in its molecule is replaced by an 
alcohol-radical. These compounds may be conveniently formu- 
lated as follows ; 


(C H V’ ^ 
{^2^2) I (CO. ' 




Tartaric acid. 




Neutral ethyl tartrate. 


The achl ethers are monobasic acids, formed by the direct action 
of tartaric acid on the respective alcohols ; the neutral ethem are 
formed by passing hydrochloric acid gas into a solution of tartaric 
acid in an alcohol. Further, by treating these neutral ethers with 
chlorides of acid radicals, other neutral ethers are formed, in which 
one or more of the alcoholic hydrogen-atoms are replaced by acid 
radicals.* In this manner are formed such compounds as the 
following : 

* Perkin, Chem. Soc. Journ. [2], v. 139. 
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i: 


OH ( OC 2 H 3 O 

OCoHgO (CoHa)” I OC-HgO 

Ethyl aceto*tartrate. Ethyl aceto*henzo- 

tartrate. 



Ethyl succino- 
tartrate. 


The alcoholic hydrogen in these neutral ethers may be replaced by 
potassium and sodium. 

2 . There are also bibasic tartaric ethers formed by replacing the 
alcoholic hydrogen of tartaric acid with acid radicals; e,g,: 




Benzotartaric 

acid. 


Diacetotartaric 

acid. 



Dinitrofartarlc 

acid. 


3. Lastly, tartaric acid forms ethers with glycol, glycerin, maii- 
iiite, glucose, and other polyatomic alcohols. 

Action of Heat on Tartaric Acid . — When crystallised tartaric 
acid is exposed to a temperature of about 204'^, it melts, loses 
water, and yields in succession three different anhydrides, viz. : 


Ditartaric or Tartralic acid, 
Tartrelic acid. 

Insoluble tartaric anhydride, 


• C 8 HioOn - - H,0 

•jc,HA =C4H„0„ -H 2 O 


The first two are soluble in water, and form salts which have pro- 
perties completely different from those of ordinary tartaric acid. 
The third is a white insoluble powder. All three, in contact with 
water, slowly pass into ordinary tartaric acid. 

Tartaric acid, subjected to destructive distillation, is resolved into 
carbon dioxide and pyrotartaric acid, CgH^O^. 

When tartaric acid is heated to 204*5^^, with excess of potas- 
sium hydrate, it is resolved, without charring or secondary decom- 
position, into oxalic and acetic acids, wliich remain in union with 
the base, and only undergo decomposition at a much higher tem- 
perature : 

+ 2 KHO - C,KHO, + C^H.KO, + ^H,0. 

• Tartaric Acid potas- Potassium 

acid. slum oxalate. acetate. 


Paratartaric or Racemic Acid. — The grajies cultivated in 
certain districts of the Upper Rhine, and in the Vosges, contain, 
in association with tartaric acid, another acid body to which 
the above names are given. This acid is rather less soluble than 
tartaric acid, and separates first from the solution of that sub- 
stance. Between these two acids, however, a very great resem- 
blance exists ; they have exactly tlie same composition, and yield, 
when exposed to heat, the same products ; the salts of racemic acid 
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comspond, also,' in the closest manner, with the tartratea A 
solution of racemic add, however, precipitates a neutral calcium- 
salt, wmch is not the cas6 with tartaric acid. A solution of race* 
inic acid does^ not rotate the plane of polarisation. 

Racemic acid has been made the subject of some exceedingly inte- 
resting researchcvs by Pasteur, which have thrown much li^t upon 
the relation of this acid to tartaric acid. If racemic acid be satu- 
rated with potash, or soda, or with most other bases, crystals* are 
obtained, which are identical in form and physical properties. 
By ^turating racemic acid, however, with tw^'o bases, by forming, 
for instance, racemates corresponding to Rochelle salt, w^hi^ 
contain potassium and sodium, or ammonium and sodium, and 
allowing the solution to crystallise slowly, two varieties of ciystals 
are produced, which may be distinguished hy their form, each of 
them containing heniihedral faces (p. 291), e(jual in number and 
exactly similar in form, ]>ut develoj)edon opposite sides of the two 
crystals, so that each of them may be regarded as the reflected 
image of the other, or as right-handed and left-handed. If the 
two kinds of crystals are carefully selected and separately crystal- 
lised, crystals uf the one variety only are deposited in each case, 
Tlie composition, the specific gravity, and, in fact, most of the 
physical properties of these two varieties of sodio-j)otassic race- 
mate, ara iftvariably the same. They differ, however, somewhat 
ill their chemical characters, and especially in one point: they 
rotate the plane of polarisation in opposite directions. These Uvo 
varieties ot crystals contain two modifications of tlie same acid, dis- 
tinguished, according as the salt possesses right- or left-handed 
polarisation, by the terms dcxtro-racemic and levo-raceviic, or dextro- 
and levo-tartaric acids. These acids may be separated by converting 
the above compounds into lead- or barium-salts, and decomposing 
them by means of sulphuric acid. In this manner two crystalline 
acids are obtained, identical in every respect, excepting in their 
deportment with polarised light, and in their cry stals being related 
to each other in the manner above mentioned. Ilextrotartaric acid 
is nothing but common taitaric acid, A mixture of e([ual parts 
of the two acids has no longer the slightest effect on polarised 
light, and exhibits in every resjject the deportment oi racemic 
acid. 

Pasteur, in continuing his beautiful researches, has also made • 
the important discovery that racemic acid may be artificially pro- 
duced by the action of heat upon certain comiiounds of tartaric 
acid which are capable of resisting a high temperature. When 
tartrate of cinchonine,* or tartaric ether, is exposed to a tempera- 
ture of about 170°, and the product thus formed is repeatedly boiled 
with water, a solution is obtained, which, when mixed, after cool- 
ing, with an excess of calcium chloride, yields a considerable pre- 


* See the Chapter on Organic Bases. 
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cipitate of calcium racemate. Compounds of levotartaric acid, 
wnen submitted to the action of heat, likewise furnish racemic 
acid. The formation of racemic acid in these reactions is accom- 
panied by the production of a fourth modification of tartaric acid, 
which Pasteur calls inactive tartaric acid. Like racemic acid, it 
has no action on polarised light, but it cannot, like the latter, be 
resolved into levo- and dextro-tartaiic acids. 

Rhodizonic Acid, CgH^Og. — When potassium is heated in a 
stream of dry carbon monoxide, the latter iS absorbed in large 
quantity, and a black porous substance generated, which, accom- 
ing to &odie, contains COK3. Brought in contact with water it 
decomposes with great violence, and even the dry substance occa- 
sionally explodes ; when anhydrous alcohol is poured upon it, a 
great elevation of temperature ensues, but the decomposition is far 
less violent than with water. The product of this reaction is 
potassium rhodizonate, which remains as a red powder, insoluble 
in alcohol, but soluble in water with a deep red colour. This salt 
probably contains C5H2K2OP. 

When solution of potassium rhodizonate is boiled, it becomes 
orange-yellow from decomposition of the acid, and is then found 
to contain free potash, and a salt of Croconic acid, CgHgO^. 
This acid can be isolated ; it is yellow, easily crystallisable, soluble 
both in water and alcohol. It is likewise bibasic. 

Citric Acid, CnHgOy. — This acid is obtained in large quantities 
from the juice of lemons : it is found in many other fruits, as in 
gooseberries, currants, &c., in conjunction with malic acid. In 
the preparation of this acid, the juice is allowed to ferment a short 
time in order that mucilage and other ini]>urities may separate and 
subside; the clear liquor is then carefully saturated with chalk, 
whereby insoluble calcium citrate is produced. This is thoroughly 
'washed, decomposed by the proper quantity of sulphurici acid 
diluted with Avater, and the filtered solution is evaporated to a 
* small bulk, and left to luystallise. The product is drained from 
the mother-liquor, redissolved, digested with animal charcoal, and 
again concentrated to the crystallising point. 

Citric acid crystallises in two dilTerent forms. The crystals 
which separate by s})ontaneous evaporation from a cold saturated 
solution, are trimetric prisms, coiilaining C^HgO^.HgO, whereas 
those which are deposited from a hot solution liaA^e a difiererit 
form and contain SCgHgO^ . IlgO. — Citric acid has a pure and 
agreeable acid taste, and dissolves, Avith great ease, in both hot and 
cold water ; the solution strongly reddens litmus, and Avhen long 
kept, is subject to spontaneous change. Citric acid, Avhen brought 
in contact Avith putrid flesh as a ferment, yields butyric acid and 
small quantities of succinic acid. It is entirely decomposed when 
heated with sulphuric and nitric acids ; the latter converts it into 
oxalic acid. Caustic potasli, at a high temi^erature, resolves it 

3 A 
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into acetic and oxalic acids. The alkaline citrates, treated with 
chlorine, yield chloroform, together with other products. , 

Citric acid is tetratomic and tribasic, and may be represented by 
. ( CH^OH 

been obtained by any synthetical process. With potassium it 
forms a neutral salt containing CqH 5K3(X, and two acid salts con- 
taining respectively* CgH^jKgOy and C3II7KO7; and similar salts 
with llie other alkali -metals. With dyad metals it chiefly forms 
salts in which two or three hydrf)gen-atoms in the molecule 
are replaced by metals; wdth calcium^ for example, it 
foims the salts C^HgCa'^Oy . aq., and (C^H^,Oy).,Ca'''3.aq. With lead 
it forms two salts similar in constitution to the calcium salts, and 
likewise a tetrajdiimbic salt containing (0jjH^^07)2Pb"3. P1)"H202. 

The citrates of the alkali-metals are soluble and crystallise with 
greater or less facility ; those of barium^ strontium^ calcium, lead, 
and silver are insoluble. 

Citric acid resembles tartaric acid in its relations to ferric oxide, 
preventing the precipitation of that substance by excess of ammonia. 
The citrate obtained by dissolving hydrated ferric oxide in solution 
of citric acid, dries up to a pale-brown, transparent, amorphous 
mass, which is not very soluble in water ; an addition of ammonia 
increases the solubility. Citrate and ammonia-citrate of iron are 
elegant medicinal preparations. Very little is known respecting 
the composition of these curious compounds ; the absence of 
crystallisation is a great bar to exact inquiry. 

Citric acid is sometimes adulterated with tartaric acid ; the 
fraud is easily detected by dissolving the acid in a little cold 
water, and adding to the solution a smfdl quantity of j)otassium 
acetate. If tartaric acid be present, a white crystalline precipitate 
of cream of tartar will be produced on agitation. 

Citric acid forms ethers in which 1, 2, or 3 hydrogen-atoms are ^ 
replaced by methyl and other monad alcohol-radicals. 


Meconic Acid, C7H4O7, is a tribasic acid existing in opium. 
To prepare it, the liquid obtained by exhausting opium with 
water, is neutralised with powdered marble and precipitated 
by calcium chloride ; and the calcium meconate thus precipitated 
is susj)ended in warm water and treated with hydrochloric acid ; 
on cooling, impure meconic acid crystallises, which may be purified 
by repeated treatment with hydrochloric acid. The pure acid 
crystallises in mica-like plates, easily soluble in boiling, difficultly 
soluble in cold water, soluble likewise in alcohol. The crystals 
contain C7H4O7 . 3 aq. and give oft' their water at 100^ The meconates 
are mono-, bi-, and tri-metal lie. There are two silver meconates, 
one yellow, containing C7HAg307 ; the other white, consisting 
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of C7H2Ag207. Meconic acid produces a deep red colour with 
ferric salts. 

Comenic Acid, is a proiluct of decomposition of 

meconic acid. When an aqueous, or, better, a hydrochloric 
solution of meconic acid is boiled, carbon dioxide is evolved, ami 
the solution now contains comenic acid, which crystallises on 
cooling, being very difficultly soluble in cold water. The same 
acid may be obtained by heating meconic acid to 200*^. It is 
bibasic : its formation is represented by the equation CyH.Oy = 
0^1140, + CO2. 

I'yromeconic or Pyrocomenic Acid, C5H4O3, is a monobasic 
acid, formed by submitting either comenic or meconic acid to dry 
distillation, one molecule of carbon dioxide being evolved in the 
former case and two in the latter. 

Pyrocomenic acid is a weak acid: it is soluble in w'ater and 
alcohol: from these solutions it crystallises in long colourless 
needles, which melt at 120°, and begin to sublime at the boiling 
point of water. Both comenic and pyrocomenic acids exhibit the 
red coloration with ferric salts. 

Chelidonic Acid, C7H4O5, a tribasic acid much resembling 
meconic *acid, is extracted from the Chelidonium majus, in which it 
exists combined with lime, and associated with malic and fumaric 
acids. It crystallises in slender, colourless, easily soluble needles, 
containing C^H^Og.aq. When exposed to a high temperature, it 
yields a pyro-acid, with evolution of whaler and carbon dioxide. 

The following JiciJs derived from opium bases may also here 
be noticed : 

Opianic A cid, CioHjqO^, is a monobasic acid, produced, together 
with cotarnine, CJ2H13NO3, by oxidation of narcotine : 

C22H23NO, + O = C42H13NO3 + C40H40O,. 

Tt crystallises in j)risms, slightly soluble in cold, easily soluble 
in boiling water, also in alcohol and ether, and melts at 140°. 
Caustic potash converts it into ijaeconic acid, C4oIIioC)4, and hemi- 
piiiic acid, : 

2C1QH4QO5 — + CjQHjQOg . 

The ammonium salt of opianic acid yields, when evaporated to 
dryness, a nearly white insoluble powder, called opiainmone, 
CgoHi^NO^, convertible by strong acids into ojiianic acid and 
ammonia. 

Hemipinic Acid, is also produced by oxidation of opianic acid 
and of narcotine. It crystallises in colourless oblique prisms, or 
hat rhombohedrons, melting at 180°; slightly soluble in cold water, 
more easily in alcohol and ether. Heated with excess of strong 
hydrochloric acid, it is resolved into carbon dioxide, methyl 
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and aa add, C,H,04, homologous with oxygdicylic 


oMa. + HCl - CX>, + CH5CI + 


CsHgO*. 


A w distinguished from opianic add 

f^cBung inaolnble salts with lead, silver, and iron. * 


HEXATOMIC ACIDS. 

Thxee acids of this class are known ; namely, manniiic, saccharic, 
and mudc acids, all of which appear to be bibasic. 

Mannitic Acid, 0^11^207, is produced by oxidation of mannite, 
under the influence of platiuiun black. It is a gummy 
luc&s, soluble in water and in alcohol, insoluble in ether. Accord- 
ing to its constitution (p. 631 ) it might be expected to be mono- 
Ixisic, but from the observations of Gorup-Besanez, who dis- 
covered it, it appears to be bibasic, its potassium-salt containing 
C^|HioK 207, and the calcium-salt, CQHiQCa''07. 

Saccliaric Acid, = (G^II^)'^* | * ^his acid is 

produced by the action of dilute nitric acid on cane-sugar, glucose, 
milk-sugar, and mannite, and is often formed in the preparation 
of oxalic acid, being, from its superior solubility, found in the 
mother-liquor from which the oxalic acid has crystallised. It may 
he made by healing together 1 part of sugar,* 2 parts of nitric acid, 
and 1 0 parts of water. When the reaction seem s terminated, the acid 
liquid IS diluted, neutralised with chalk, and the filtered liquid is 
mixed with lead acetate. The insoluble lead saccharate is washed, 
and decomposed by sulphuretted hydrogen. The acid slowly 
crystallises from a solution of syrupy consistence in long colourless 
needles ; it has a sour taste, and forms soluble salts with lime and 
baryta. When mixed with silver nitrate it gives no precipitate, 
hut, on the addition of ammonia, a white insoluble substance 
separates, which, on gently warmiffg the whole, is reduced to metal- 
lic silver, the vessel being lined with a smooth and brilliant 
coating of the metal. Nitric acid converts saccharic into oxalic 
acid. 

Thei‘e are two potassium saccliarates, containing C^^HgKOg and 
CQHgKgOg ; the silver-salt contains CgHgAg^Og ; the barium., mag- 
riesium, zinc, and cadmium salts have the composition CfjHgM"Og ; 
and there are two ethylic ethers, containing CgH{,(C2H5)Og and 
C^Hg(C 2 H 5 ) 20 g. In these compounds saccharic acid appears to be 
bibasic, as might he expected from its mode of formation (p. 631 ); 
the composition of the lead-saltKS, however, seems to show that it. 
is sexbasic as well as hexatomic, for Heintz lias obtained a lead- 
salt containing C6H4Pb"30g; but the composition of the lead 
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saccharates varies considerably according to the manner in which 
they are prepared. 

Hucic Acid, C^HioOg. — This acid, isomeric with saccharic acid, 
is produced, together with a small quantity of oxalic acid, by the 
action of rather dilute nitric acid on sugar and gum. It may be 
easily prepared by heating together in a flask or retort, 1 part of 
milk-sugar or gum, 4 parts of nitric acid, and 1 part of water ; the 
mucic acid is afterwards collected upon a filter, washed and dried. 
It has a slightly sour Uiste, and reddens vegetable colours. It 
requires for solution 66 parts of boiling water. Oil of vitriol dis- 
solves it, with production of a red colour. Mucic acid is decom- 
posed by heat, yielding, among other products, pyromucic acid^ 
C5H4O3, which is volatile, soluble in water, and crystallises in a 
form resembling that of benzoic acid. 

Mucic acid is bibasic, yielding for the most part neutral s^ts 
containing CgH8M20g and C6H8M'''08 ; with the alkali-metals it 
also forms acid salts such as CgHgKOg. There are also mucic 
ethers, containing one and two equivalents of monad alcohol- 
radical. 


Sulpho- Acids. 

This name is applied to a group of acids formed from hydrocar- 
bons, alcohols, acids, and amides, by the action of fuming sulphuric 
acid or sulphuric oxide. They contain the elements of a nydro- 
carbon, an alcohol, or an acid, combined with one or two molecules 
of sulphuric oxide, and may be regarded as derived from hydro- 
carbons, alcohols, and acids by substitution of the univalent radical, 
SO3H, for hydrogen ; thus, sulphacetic acid, CgH^SOg, has the 
composition ; * 

O 

II 

C2H4O2.SO3, or CH2(S03H).C02H, or HO— S— CHg 

' II 1 

O COOH. 

The sulphur in these acids is in immediate combination with the 
carbon ; in this respect they differ from sulphuric ethers (p. 663), 
in which the sulphiu* is united with carbon only through the 
medium of oxygen. 

Sulphacetic Acid is produced by digesting glacial acetic acid 
with sulphuric oxide at 60®-75° for several days. The aqueous 
solution of the mass saturated with barium or lead carbonate 
deposits a crystalline barium or lead-salt, containing respectively 
C2H2Ba"S05.1J aq. and C2H2Pb"S05. From these salts the acid 
may be obtained by means of sulphuric or sulphydric acid. It is 
bibasic, since it contains two equivalents of hyoroxyl in immediate 
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association with oxygen, one belonging to the group CO2H, the 
other to the group SO 3 H. ^ 

When sulMacetic acid is subjected to the prolonged ^action ol 
fuming sulphuric acid, carbon dioxide is evolved, and disulpho- 
metholic or methionic acid, CH4S20e, or CH2(S03H)3, is 
formed, which is also bibasic, and may be derived from methane, 
GH4, by substitution of 2SO3H for Hg. The product diluted with 
water and saturated wnth barium carbonate, yields a beautifully 
c^stallised, and rather sparingly soluble barium-salt, containing 
CHgS-PaBa" ; from this salt the acid nmy bcAeparated by sulphuric 
acid. 

Both sulphacetic and disulphometholic acids may be produced 
by the action of fuming sulphuric acid on acetamide or on acetoni- 
trile, the former when the mixture is kept cool, the latter when 
the temperature is allowed to rise, carbon dioxide being then 
given off; thus : 

C2H3N -f HgO -f 2113804 = H(NH4)S04 -f C2IJ4SO-, 
Acetonitrile. Sulphuric Acid am- Sulphacetic 

acid. monium acid, 

sulphate. 

C2H3N -f 3H2SO4 = (NH 4 )HS 04 -f CH4S2O6 + COg 

Acetonitrile. Disulpho- 

metholic acid. 

With acetamide, CgHgONHg, which differs from acetonitrile 
only by the elements of water, the two reactions are exactly 
similar. 

Sulphopropionic Acid, 03114(80311) , COjH, arid Disulph- 
etholic Acid, 03114(80311)2 are prepared in the same manner 
from propionic acid, propionamide, or propionitrile. 

Isethionic acid, 0,113804, ethionic acid, 031138207, and 
ethionic oxide or anhydride, 0,1148203, produced, as already 
mentioned (p, 586 ), by the action of sulphuric oxide or fuming 
sulphuric acid on alcohol and ether, likewise belong to this class 
of bodies, and may be represented by the following formulae, 
which show that isethionic acid is monobasic, ethionic acid, bibasic, 
and ethionic oxide neutral ; 


OH 

0 - 8=0 

* I 

H 3 C— 0— dig 
Isethionic acid. 


HO OH O 

0 = 8=0 0 = i =0 0 = 8=0 0 = 8=0 

Hgl:) 0 CH 3 Hgi 0 CHg 

Ethionic acid. Ethionic oxide. 
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ALDEHYDES. 

These are bodies derived from alcohols by elimination of one or 
more molecules of hydrogen (H2), without introduction of an 
equivalent quantity 01 oxygen, so that they hold a position inter- 
mediate between the alcohols and the acids ; thus : 

CH, CH, CH3 

I I I 

II2C— O— H 0=C— H 0=0—0—11 

Ktliyl Acetic Acetic 

alcohol. aldehyde. acid. 

The hydrotjen eliminated in the conversion of an alcohol into 
ail aldehyde is that which is in immediate connection with the 
hydroxyl, or which belongs to the group CHgOH ; consequently a 
monatomic alcohol can yield but one aldehyde; but a diahunic 
alcoliol can yield two, by removal of H2 and of SHg ; a triatomic 
alcohol three, and so on. At present, however, we are acquainted 
only with aldehydes derived from monatomic and diatomic alco- 
hols. 

Aldehydes derived from Monatomic Alcohols. 

Of these aldehydes four series are known, viz. ; 

1. Aldehydes^ CnH2nO, corresponding to the Fatty acids. 

Formic aldehyde, . . CH.^O Oaproic aldehyde, . CjjH^20 

Acetic aldehyde, . . C2H4O CEnanthylic aldehyde, 

Propionic aldehyde, . C3Hp,0 Caprylic aldehyde, . Cgllj^jO 
Butyric aldehyde, . . 04X1^0 Euodic aldehyde, . H22O. 

Valeric aldeliyde, . , C^HiqO 

2 . Aldehydes j CnH2n— 2O, corresponding to the Acrylic acids. 


Acrylic aldehyde, or Acrolein, . 
Crotonic aldehyde, .... 

C3H4O 

C.HeO. 

3. Aldehydes j Cnll2n— sO. 


Benzoic aldehyde, or Bitter-almond oil, . 

Toluic aldehyde, 

Cuinic aldehyde, ..... 
Sycocerylic aldehyde, . . . . 

aH.o 

Cg H3O 

CioHigO 

CigHjgO. 

4. Aldehyde^ CnH2n— loO. 


Cinnamic aldehyde, .... 

CoHgO. 


All these aldehydes contain two atoms of hydrogen less than the 
corresponding alcohols, and one atom of oxygen less than the corre- 
sponding acids. The last two series belong to the aromatic group. 
The ^ddehydes of the fatty group are produced : — 1. By oxida- 



744 


FATTr GROUP : AIiISeHYDES. 


Uon of alcohols, either by the action of atmospheric oxygen, or by 
that of a mixture of dilute sulphuric acid and potassium dichromate 
or manganese dioxide, or by the action of chlorine on the alcohol 
diluted with water, the chlorine in this case decomposing the 
water, and thus actinjj as an oxidising a^jent. 

2. By distilling an intimate mixture of the potassium-salt of the 
corresponding acid with potassium formate ; e.g.: 

C0CH3(0K) + COH(OIv) = C0(0K)2 + CIIg.COH 

Potassium Potassium Potassium Acetic 

acetate. formate. carbonate. aldcliyde. 

Reactiom, — Alcleliydes easily take up oxygen, and are converted 
into tlie corresponding acids, 

1. When fused with potash, they are converted into the corre- 
sponding acids, with evolution of hydrogen ; e,g.: 

C,H,oO + KOH = 0,H,K02 + 

Valeric Valeric acid, 

aldehyde. 

2. Nascent hydrogen, evolved by the action of water on sodium 
amalgam, converts them into the corresponding alcohols ; e.g., 
C2H4O + Hg = C2II0O. If, however, the aldehyde belongs to a 
non-saturated series, the action goes further, an additional quan- 
tity of hydrogen being then taken up, whereby the alcohol first, 
formed is converted into a saturated alcohol belonging to another 
series ; thus ; 

C3H4O + II2 - C3H,0; andCgllejO + H2 = C3H,0 

Acrylic Allyl Ally I Propyl 

aldehyde. alcohol. alcohol. alcohol. 

Nascent hydrogen evolved hy the action of zinc on sulphuric 
aciid does not appear to unite with aldehydes. 

3 . Phosphorus pentachloride converts aldehydes into chloralde- 
hydes, compounds derived from aldehydes by substitution of Cl^ 
for O ; thus : 

CHg CIT3 

I 4- PClfi = PCI3O -j- I 
CHO CHCla 

Aldehyde. Chloraldchyde. 

The compounds thus produced are isomeric with the chlorides 
of the olefines ; e.g., acetic chloraldchyde, CH3.CHCI2, or ethidene 
chloride, with etheiie chloride, C2H4.CI2 (p. 618 ). 

4 . ChWhrine and bromine convert aldehydes into chlorides of acid 
radicals : 

C2H4O + CI2 = IICl + C2H3O.CI 

Aldehyde. Acetyl chloride. 

C2H4O + 2CI2 = 2HC1 + C2H2CIO.CT 

Aldehyde. Chloracetyl 

chloride. 
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5. The alkali-metals dissolve ^'n aldehydes, eliminating an equi- 
valent quantity of hydrogen : 

2C2H4O + K2 = H2 + 2C2H3KO. 

6. Aldehydes treated with hydrocyanic acid^ hydrochloric acid, 
and water, are converted into an ammonium-salt, or an amidated 
acid, containing an additional atom of carbon, the former reaction 
taking place chiefly in the aromatic group, the latter in the fiitty 
group : 

C^H.O + CNIT + II^O = C 3 H,N 02 

Acetic Amidopropionic 

uldcliyde. acid (alanine). 

7. Aldehydes unite with aniline, water being eliminated, anil 
form bases derived from a double molecule of aniline, (CqnyN).^, 
by substitution of two equivalents of a diatomic radical lor four 
atoms of hydrogen ; e,g. : 

2C2H4O + 2CJI,N = 2ir,0 + CiJI^oCCgir^raN, 

Acetic Aniline. Dietliidene- 

aldehydc. dianilinc. 

8. All aldehydes unite directly with the acid sulphites of the 
alkali-metals, forming crystalline compounds, by which they may 
be readily separated from other bodies with which they may be 
mixed. This reaction aflbrds a ready means of purifying alde- 
hydes, and likewise of detecting their presence. 

9. Aldehydes also unite with acetic oxide, forming such com- 
pounds as C2H40"(C2H30)2, and j)robably with the oxides corre- 
sponding to other monobasic acids. 


Aldehydes belonging to the Series CnH2nO. 

Formic Aldehyde, CH2O or H.CHO, also called Methylic 
aldehyde . — This compound, discovered by Hofmann, is produced 
Avhen a current of air charged with vapour of methyl alcohol is 
directed upon an incandescent spiral of platinum wire ; and by 
suitable condensing arrangements, a liquid may be obtained con- 
sisting of a solution of the aldehyde in methyl alcohol. This 
liquid, rendered slightly alkaline by ammonia, and gently warmed 
with silver nitrate, yields a beautiful specular deposit of silver, 
with greater ease even than ordinary acetic aldehyde. The same 
solution, heated with a few drops of caustic potash, deposits drops 
of a brownish oil, having the odour of the resin of acetic aldehyde. 

Formic aldehyde is likewise produced by the dry distillation 
of calcium formate: Ca(CH02)2 = CH2O + CaC03. It has not 
yet been obtained in the pure state ; but by treating its solution 
with hydrogen sulphide, and heating the resulting liquid with 
strong hydrochloric acid, it solidifies, on cooling, to a dazzling 
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white mass of felted needles, consisting of the corresponding 
sulphur-compound, CHgS. The aldehyde treated with sodium 
amalgam is reduced to methyl alcohol. 

Acetic Aldehyde, C2H4O = CH3.CHO = C2H3O.H, gene- 
rally designated by the simple name, aldehyde.* — This substance 
is fonned, among other products, when the vapour of ether or alco- 
hol is transmitted through a red-hot tube ; also, by^the action of 
chlorine on weak alcohol, and by the other general reactions above- 
mentioned. It is best prepared by the following process : 6 parts 
of oil of vitriol are mixed with 4 parts of rectified spirit of 
wine, and 4 parts of water; this mixture is poured upon 6 parts 
of powdered manganese dioxide contained in a capacious retort, in 
coimection with a condenser cooled by ice-cold water ; gentle heat 
is a2)plied, and the i)rocess is interrupted when 6 paits of li(]uid 
have passed over. The distilled product is j)ut into a small retort, 
with its own weight of calcium chloride, and redistilled ; and this 
operation is repeated. The aldehyde, still retaining alcohol and 
other impurities, is mixed with twice its volume of ether, and 
saturated with dry ammoniacal gas; a crystalline compound of 
aldehyde and ammonia then separates, which may be washed with 
a little ether, and dried in the air. From this substance the alde- 
hyde may he separated hy distillation in a water-bath with sul- 
phuric acid diluted with an equal quantity of water ; by careful 
rectification from calcium chloride, at a temperature not exceeding 
30*5°, it is obtained pure and anhydrous. 

Aldehyde is a limpid, colourless liquid, of characteristic ethereal 
odour, which, when strong, is exceedingly suffocating. It has a 
density of 0*790, boils at 22°, and mixes in all proj)ortions with 
water, alcohol, and ether : it is neutral to test-paper, but accjuires 
acidity on exposure to air, from the production of acetic acid : 
under the influence of platinum-black tliis change is very speedy. 
When a solution of aldehyde is heated with caustic potash, a 
remarkable brown resin-like substance is produced, the so-called 
aldehyde -resin. Gently heated with silver oxide, it reduces 
the latter without evolution of gas, the metal being deposited on 
the inner surface of the vessel as a brilliant and uniform film ; 
the liquid contains silver acetate. 

Aldehyde can be re-converted into alcohol by treating its aque- 
ous soliition with sodium amalgam, the liquid being kept slightly 
acid by repeated addition of hydrochloric acid. 

When treated with hydrocyanic acid, aldehyde yields alanine 
(p. 745). 

An aqueous solution of aldehyde, treated with hydrogen sul- 
phide, yields an oily compound, (02640)5.8113, which is resolved 
by acids into hydrogen sulphide and sulphaldehyde, C2H4S ; 
the latter crystallises in needles having an alliaceous odour. 


* Alcohol dehydrogenatus. 
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Other reactions of aldehyde have been already mentioned. 

Aldehyde-ammonia or Ammonium aldehydate, C2H4O.NH3 or 
C2H3(NH4)0, produced, as above mentioned, by direct combina- 
tion, forms transparent, colourless crystals of great beauty ; it has 
a mixed odour of ammonia and turpentine ; it dissolves very easily 
in water, with less facility in alcohol, and with difficulty in ether; 
melts at about 76 °, and distils unchanged at 100° Acids decom- 
pose it, with production of ammoniacal salt and separation of 
aldehyde. Hydrogen sulphide converts it into a basic compound, 
C3H13NS2, called thialdine. Sulphurous oxide gas is rapidly 
r bsoT'bed by a solution of aldehyde-ammonia, forming the crystal- 
line compound C9H3(NH4)S03, isomeric with taurine (j). 586 ). 
Aldehyde also combines with acetic oxide^ forming the compound 
C2H40(C2H30)20 ; also with ethyl oxide^ as will presently be further 
noticed. 

Polymeric Modifications of Aldehyde. — Pure anhydrous 
aldehyde, treated at ordinary temperatures with a small quan- 
tity of gaseous hydrochloric acid, sulphurous oxide, or carbonyl 
chloride (phosgene), or of zinc chloride or strong sulphuric acid, 
is converted into a polymeride, called paraldehyde, which 
crystallises on cooling the liquid to 0°, in large transparent 
prisms, melting at 10 - 5 ° to a liquid which boils at 124 °, has a 
specific gravity of 0*998 at 15 °, and a vapour-density three times 
as great as that of aldehyde itself : hence its molecular formula is 
CqH 4203. When distilled in contact with either of the reagents 
above mentioned it is reconverted into ordinary aldehyde, but it 
does not undergo this change when heated alone. 

When either of the same reagents acts on aldehyde cooled by a 
freezing mixture, another polymeric modification is formed, called 
metaldehyde, which also crystallises in transparent prisms or 
in white needles, but differs from jiaraldehyde in subliming when 
heated without previous fusion, and in being at the same lime 
partly reconverted into aldehyde. In consequence of this trans- 
formation, its vapour-density, and therefore its molecular formula, 
have not been determined. 

Aldol, C4H8O2 or CH3— CH(OH)— CHg— CHO.— This body, 
formed by the action of hydrochloric acid at a low temperature on 
a mixture of aldehyde and water, is likewise polymeric with alde- 
hyde, but differs greatly in its properties from the two polymerides 
above mentioned. It is a colourless liquid, mobile while hot, but 
becomes syrupy on cooling, and at 0° is so viscid that it does not 
run out when the containing vessel is inverted. It bears a heat 
of 100 ° without alteration, cmt at 135 ° it is resolved into water 
and crotonic aldehyde, C4H3O. In its chemical characters it is 
intermediate between aldmyde and alcohol. On the one hand, it 
reduces ammoniacal silver solution, with formation of a silver 
speculum ; and on the other, when heated with acetic anhydride, 
it forms two acetates, C4H70(C2H302) and C4H6(C2H302)2. Hence 
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it may be infetrred that the molecule of aldol contains the aldehy- 
dic group OHO, and the alcoholic group CHOH, as indicated by 
the formula above riven. The formation of aldol from aldehyde 
may be represented by the following equation, in which the 
bracketed letters on the left hand side indicate the atoms which 
change their places : 


CH3— C(HO) 

C(H)H2— CHO 


CH3— CHOH— CHa— CHO 


Aldehyde (2 mol.) 


Aldol. 


Acetal, CgHi 40 . — 'WTien gaseous hydrochloric acid is passed 
into a solution of aldehyde in absolute alcohol, a compound of 
aldehyde and ethyl chloride, C 2 H 4 O.C 2 H 5 CI, is produced, and this 
compound, treated with sodium ethylate, forms a compound of 
aldehyde with ethyl oxide, called acetal : 


C 2 H 4 O.aH.Cl + - NaCl + C 2 H 40 .(C 2 H,) 20 . 


This compound, which is isomeric with diethylic ethenate, 
(C 2 H 4 )"( 0 C 2 H 5)2 (P- bl7), is likewise found among the products 
of the slow oxidation of alcohol under the influence of platinum- 
black. 

Pure acetal is a thin, colourless liquid, of ‘agreeable ethereal 
odour, of sp. gr, 0-821 at 22 - 2 °, and boiling at 140° It is soluble 
in 18 parts of water, and miscible in all proportions with alcohol 
and ether. It is unchanged in the air ; but, under the influence 
of platinum-black, becomes converted into aldehyde, and event- 
ually into acetic acid. Nitric and chromic acids produce a similar 
effect. Strong boiling solution of potash has no action on this 
substance. 

Chloral, CoHClgO. — This compound, already mentioned as 
being formed by the prolonged action of chlorine on absolute 
alcohol (p. 573), may be regaided as tri chlorinated aldehyde. To 

E repare it, the current of chlorine must be kept up as long as 
ydrochloric gas continues to escape, and the product agitated 
with three times its volume of concentrated sulphuric acid. On 
gently warming tins mixture in a water-bath, the impure chloral 
separates as an oily liquid, which floats on the surface of the acid; 
it is purified by distillation from fresh oil of vitriol, and after- 
wards from a small quantity of quicklime, which must be kept 
completely covered by the Ih^uid until the end of the operation. 
Chloral has also been obtained from starch, by distillation with 
hydrochloric acid and manganese dioxide. 

Chloral is a thin, oily, colourless Jiquid, of peculiar and pene- 
trating odour, which excites tears : it has but little taste. When 
dropped upon paper it leaves a greasy stain, which is not, how- 
ever, permanent. It has a density of 1-502, and boils at 94° 
Chloral is freely soluble in water, alcohol, and ether ; the solu- 
tion is not affected by silver nitrate. Caustic baryta and lime 
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decompose the vapour of chloral when heated in it, with appear- 
ance of ignition ; the oxide is converted into chloride, carbon is 
deposited, and carbon monoxide set free. Solutions of caustic 
alEalis also decompose it, with production of a formate and chloro- 
form: 

C2HCI3O + H2O = CH2O2 + CHCI3. 

With a small quantity of water, chloral forms a crystalline 
hydrate, CoHCLO.ILO, and with alcohol a corresponding com- 
pound, C 2 HCI 3 O.C 2 HAO. The hydrate, introduced under the 
skin, is converted by the alkali of the blood into formic acid and 
chloroform. 

When chloral is preserved for some •time, even in a vessel 
hermetically sealed, it undergoes a very remarkable change, 
being converted into a solid, white, translucent substance, insol- 
uble chloral, possessing the same composition as the liquid 
itself. This solid product is but very slightly soluble in water, 
alcohol, or ether; when exposed to heat alone, or in contact with 
oil of vitriol, it is reconverted into ordinary cliloral. Solution of 
caustic potash resolves it into formic acid and chloroform. 

Bromine acts upon alcohol in the same manner as chlorine, and 
gives rise to a product very similar in properties to. the foregoing, 
called bromal, which contains CoHBr 30 . It forms a crystallis- 
able hydrate with water, and is (fecomposed by strong alkaline 
solutions into formic acid and bromoform. 

The other aldehydes of the series CnH2nO resemble acetic alde- 
hyde in most of their reactions, especially in forming crystalline^ 
compounds with ammonia ; this character distinguishes the fatty 
from the aromatic aldehydes, which react with ammonia in a 
different way. Another characteristic reaction of the fatty alde- 
hydes is their conversion into amidated acids by the action of 
hydrocyanic acid (p. 745) ; in this manner amido-propionic acid, 
or alanine, C 3 II 7 NO 2 , is formed from acetic aldehyde; amido- 
caproic acid, or leucine, CqHj 3 N 02 , from valeral, &c. 

The fatty aldehydes are all converted into resinous compounds by 
the action of caustic potash. 

All the known aldehydes of the fatly series are licjuid at ord* 
nary temperaturos, and become more oily as their molecular 
weights increase. Their boiling points are given in the following 
table : 

Boiling point. Boilinpr point. 

Acetic aldehyde, . 21 ° (Enanthylic ahlehyde, 152° 

Propionic „ . . 55°-65° Capric „ . 228°? 

Butyric „ . . G8°-75° Enodic „ . 213° 

Valeric „ . . 93° 

Euodic aldehyde is the essential coUvStituent of oil of rue. It 
differs from the other compounds of the series by not reacting in 
the manner above mentioned with aniline. 
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Aldehydes belonging' to the series CnH2n— 2O. 

C(CH2)"H 

Acrylic Aldehyde, or Acrolein, C3H4O = J . — This 

COH 

compound is formed : — 1. By the oxidation of allyl alcohol, 
CjIIgO. 2. By the action of heat on the product of the union of 
acetone with bromine ; 


C0(CH3)2 + Br^ 

Acetone. 


C(CH3)Br2 

ingOH 


2HBr + 


cxcHarn 

CHO 

Aci leiii. 


3. By the dehydration of glycerin, when, that substance is 
heated with phosphoric oxide, strong sulphuric acid, or acid potas- 
sium sulphate : CgHgOg — 2H2O = CgH^O. 

It is always produced in the destructive distillation of neutral 
lats containing glycerin, and is the cause of the intolerably pungent 
odour attending that process. 

Pure acrolein is a tnin, colourless, highly volatile liquid, lighter 
than water, and boiling at 52 * 2 ® Its vapour i^ntensely irritating. 
It is sparingly soluble in water, freely in alcohol and ether. 

Acrolein, by keei)ing, undergoes partial decomposition, yielding 
a white, flocculent, indifferent body, disacryl ; the same sub- 
stance is sometimes produced, together witli acrylic acid, by 
exposure to the air. In contact with alkalis, acrolein suffers 
violent decomposition, producing, like aldehyde, a resinous body. 
When exposed for some time to the air, or mixed with silver 
oxide, it is rapidly oxidised into acrylic acid, C3H4O2. 

Crotonic Aldehyde, 0411 ^ 0 . — Produced by heating acetic 
aldehyde with zinc chloride and a little water to 100% the reac- 
tion consisting in the elimination of 1 mol. water from 2 mol. 
acetic aldehyde : 2C2H40“- HgO = C^HgO. It is a colourless liquid, 
having an extremely imngent odour, and boiling at lOS^-lOS*^. In 
contact with the air it oxidises to ec crotonic acid (p. 702). 


Aldehydes derived from Diatomic Alcohols. 

Diatomic alcohols can yield by oxidation two classes of alde- 
hydes, accordingly as the sVibstitutioii of O for takes place once 
or twice : the products thus formed may be distinguished as first 
and second aldehydes. Propene glycol, CgHgOg, for example, niight 
yield the two aldehydes, CgHgOg and C3H4O2. Only a few of 
these compounds have, however, teen obtained. 

Of aldehydes derived from the glycols CnH2nH-2, only one is 
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known, namely, glyoxal, C2II2O2, which is the second aldehyde 
of ordinary glycol, CaHgOg. This compound is obtained, together 
with glyoxylic acid and othe products, by the action of nitric 
acid upon alcohol. It may be separated by addition of a strong 
solution of acid sodium sulphite, with which it forms a crystalline 
compoimd : this compound, treated with barium chloride, yields 
the corresponding barium c.ompound ; and from this the glyoxal 
may be separated by dilute sulphuric acid. On evaporating the 
li(]uid, it IS obtained as a transparent amorphous, delicjiiescent 
mass, very soluble in water, alcohol, and ether. With an 
ammoniacal solution of silver nitrate^ it forms a beautiful silver 
'^pcculum. By a small quantity of nitric acid it is converted into 
glyoxylic acid, ; by a larger quantity into oxalic acid, 

C2H2O4 . 

Fixed caustic alkalis and alkaline earths convert it into a salt 
of glycollic acid : CgHoOg + KOH = C2H3KO3. A syrupy 

solution of glyoxal heated with a strong aqueous solution of 
ammonia^ yields two crystalline bases, glyoxaline and gly co- 
sine : 

2C2H2O2 + 2NH3 = C3H4N2 + CH2O2 + 2H2O 
Glyoxal. Glyoxaline. Formic 

acid. 

3C2H2O2 + 4NH3 = + 6H2O 

Glyoxal. Glycosinc. 


KETONES. 


These bodies are derived from aldehydes by substitution of an 
alcohol-radical for hydrogen in the group f^OH : thus, 

Acetic aldehyde, • COH 

Acetic ketone or Acetone, . . CH3.COCH3. 

They may be regarded as compounds of alcohol-radicals with acid 
radicals — acetone, for example, as methyl-acetyl ; or as compounds 
of carbonyl, CO'', with two univalent alcohol-radicals, which may 
be either the same or different; e.gr., 


CO 



Acc‘tone or Dimetliyl 
ketone. 


CO 


( CH 
(C3H. 


Methyl-ethyl 

ketone. 


The only bodies of this class that have been carefully studied 
are those which corresi)ond to the aldehydes CiiH2nO, or to the 
fatty acids CnH2n02. 

The names, formula3, and boiling points of the best known 
ketones of this series are given in the following table : 



752 


PATTY GROUP I KETONES. 





BoU- 


Name. 

Formula, 

ln« 




Point. 


Dimethyl ketone or Acetone, 
Methyl-ethyl ketone, 

C0(CH3)(CH3) 
i CO(CH3)(CHaCH3) ) 

1 or ^(CHaKCaH.) { 

66“ 

81“ 

1 

( Methyl-isopropyl ketone, 

< Methyl-propyl ketone, . 

( Diethyl-ketone or Proinoiie, 

C0(CH3)[CH(CH3),] 

COCCHaXCHaCaHs) 

93*5^ 

101 ° 

»5 

C0(C3H3)(C3H3) 

101 ° 

i 

{ Methyl- butyl ketone, 

( Ethyl-propyl ketone, . • 

CO(CH,)(C.Hp) 

COiCaHaXdaH^) 

120 ° 

s 

0 

128° 

r 

< Methyl-isoamyl ketone, 

CO(Cir3)[CH(C3H6)3] 

138° 

1 

»-< 

\ Dipropyl ketone or Butyrone, 

C0(C3H,)(C3H,) 

144° 


Tlie ketones of iliis group, containing two eij[uivalents of the 
same alcohol-radical, are 2 )roduceJ : 

1. By the action of carbon monoxide on sodium etliide and its 
hoinologues ; 

CO 2 NaCnH 2 n-f-l == Na2 + C()(CnH2n+l)2* 

For example : 

CO + 2NaC2H, == ^Na^ + CO(C,H,), 

Carbon Sodium ethyl Proplone. 

monoxide. 

2. By the action of zinc-methyl and its hoinologues on the acid 
chlorides, CnH 2 n-- lOCl ; e.g, : 

Zn(CH3)2 + 2COCH3CI = ZnCl^ + 2CO(CH3)2 

Zinc mcthide. Acetic Acetone. 

chloHde. 

3 . By tlie oxidation of the secoudajy alcohols ; thus : 

Cn(CH3)2.0H + O = HgO + C0(CH3)^ 

Isopropyl alcohol. Acetone. 

4. By the dry distillation of the calcium-salts of the fatty acids ; 
Ih • 

“ C0Ca"0, + COCCHg)^ 

Calcium acetate. Calcium Acetone. 

carbonate. 

The ketones formed in this manner from the successive mem- 
bers of the fatty acid series differ from one another by twice CH 2 ; 
thus : 
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Acetic acid, . . 

Propionic acid, . 
Butyric acid. 
Valeric acid, 


C2H4O2, yields Acetone, . 
CsHgOg, „ Propione, 
C^HqO^ „ Butyroiie, 
C5H10O2 „ Valerone, 


CsHeO. 

C5H10O. 

C,Hi, 0 . 


The intervals are filled up by ketones containing different alco- 
hol-radicals ; thus ethyl-methyl ketone C4HgO, or CO(C2H5)(CH^, 
is intermediate between acetone and propione. 

The ketones containing two different alcohol-radicals may be 
ol)tained by the second of the processes above given: e,g.: 


^2r;oCK^Cl 

Acetic 

chloride. 


+ Zn(C^n,), 

Zinc ethyl. 


Z11CI2 + SCOCCHgXCaHs) 


Ethyl-methyl 
ketone. 


Or by dLstilling a mixture of the calcium-salts of two different 
fatty acids ; thus : 

Ca(C02C4H9)o + CaCCOaCHs)^ - SCaCO^ -f 2CO(CF3)(C4Ho) 

Valerate. Acetate. Methyl-butyl 

ketone. 

The formation of aldehydes by distilling a mixture of a formate 
with the salt of another fatty acid (p. 744 ), is a particular case of 
this last reaction. 

For other modes of formation, we must refer to larger works. 

Every ketone is isomeric with an aldehyde belonging to the 
same series; thus acetone is isomeric with propionic aldehyde, 
CgH^.COH; butyrone, 00(031X^)2, with oenanthylic aldehyde, 
0^1X13. COH, &c. Formic acetone, COIXg is identical with formic 
aldenyde. 

Ketones containingmethyl resemble aldehydes in forming crys- 
talline compounds with alkaline bisulphites, from which the ketone 
may be liberated by distillation witn an alkali. Ketones differ 
from aldehydes ; 1 . In not being converted by oxidation into the 
corres23onding acids. — 2. In being converted by nascent hydrogen 
into secondary alcohols, whereas the aldehydes are converted into 
primary alcohols. — 3 . In not combining with aniline. 

The only ketone that has been studied in detail is acetone, 
C3H3O, the ketone of acetic acid. This body is prepared, as 
already obsei’ved, by the destructive distillation of acetates, the 
calcium or the lead salt being the most convenient for the purpose. 
The crude distillate is saturated with potassium carbonate, and 
afterwards rectified in a water-bath from calcium chloride. Ace- 
tone may also be prepared by passing the vapour of strong acetic 
acid through an iron tube heated to dull redness, the acid being 
resolved into acetone, carbon dioxide, carbon monoxide, and car- 
buretted hydrogen. 

Acetone is also produced in the destructive distillation of citric 
♦ See Wattses Dictionary of Chemistry, Supplement, p. 766. 

3 b 



• ffuotms. 

8?im,.l)y distil. 

Pure acetone is a colourless limpid liquid, of peculiar (xloiir: it 
has a density of 0-792, and boils at 65-5° : the density of its vapour 
(referred to air) is 2 022. Acetone is very inflammable, and burns 
with a brij'ht flame : it is miscible in all i^ropoi-tions with water 
alcohol, and ether. ’ 

Nascent hydmjen ‘Converts it into isoproi)yl alcohol (p. 5.95); but 
at the same time a portion of the acetone uoubles its molecule, and 
likewise lakes up hydrogen, bein^ thereby converted into a crys- 
talline substance, pinacone, C6H14O2 = 2C3HflO + H.^. 

Acetone treated with hydrocyanic acid, water, and hydrochloric 
acid, is converted into acetonic acid, C4llg03, isomeric or iden- 
tical with oxybutyric acid ; 

CgHfiO + CNH -f 2H2O -f HOI = NHjCl + C^HgOg. 

Whep acetone is heated to 100® with ammonia, the two unite, 
with elimination of water, forming a basic compound, acetonine, 
N2(C3Hg)"3, related to acetone in the same mamier as umiuine to 
benzoic aldehyde : 

-f 2NH3 = + 


3C3H3O 


3H2O. 


Acetone distilled with fuming sulphuric acid, or other powerful 
dehydrating agents, is converted into mesilylene, C9Hj2 = 
3C3HgO — 3H2O (p. 768). — Phosphorus pentachloride converts ace- 
tone into the compound CgHgClj, isomeric with proi^ylene chlo- 
lide : 

CgHgO + PCI3 = PCI3O + 

This chloride differs in boiling point from propylene chloride, but 
resembles the latter in its reaction with alcoholic potash, which 
converts it into chloropropylene, C3H3CI, identical with thal 
obtained from propylene. 

Hydrochloric acid converts acetone into a body composed of 
CgH^Cl, isomeric with the preceding. This compound, called 
mesityl chloride, is converted by alcoholic potasli into mesitjrl 
oxide, (C3H5)20, whereas chloropropylene, treated with alcoholic 
potash, gives up hydrochloric acid, and yields allylene, Cgll j, 
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B. Aromatic Group. 

The hydrocarbons, CnHan— 6, viz., benzene and its honiolognea, 
together with the alcohols, acids, and bases derived from them, form 
a group resembling the fatty bodies in many of their chemical 
relations, but nevertheless exhibiting decided peculiarities, which 
mark them as a iiul.ural family. They are called aromatic, on 
account of the peculiar and fragrant odours possessed by some of 
thenij especially by certain derivatives of benzene, such as benzoic 
acid, bitter almond oil, &c. 

Intimately related to these bodies are certain other hydro- 
carbons with their derivatives, containing proportionally smaller 
numbers of hydrogen-atoms, namely, ciniianiene CgHg, naph- 
thalene Cj^Ho, anthracene pyrene CjqH^o, and 

chrysene C\gH|^; and the terpenes, which contain a 

larger number ol hydrogen-atoms than benzene and its homo- 
logues. 


HYBKOCABBONS, C„H2«~6. 


This is the principal series of the aromatic grouj), corresponding 
to the paraffin series in the fatty group. 

The known hydrocarbons belonging to it are represented by the 
formula), ^ 

CoH„, CylTg, 


The h rst is cal led benzene; the second toluene; the others 
admit of isomeric modifications, the names of which will be given 
hereafter. Many of these hydrocarbons are found in the lighter 
part of the oil or naphtha obtained by the destructive distillation 
of coal, and may be separated from one another by fractional dis- 
tillation. 

These hydrocarbons might be i-egarded as derived from the 
paraffins by abstraction of 8 atoms of hydrogen (e.^., CflHg=CgHj 4 
— Ilg), or from the olefines by abstraction of 6 atoms of hydrogen, 
&c., and accordingly they might be expected to act as octovalent, 
>sexvaleut, quadrivalent, or bivalent radicals ; and in fact, benzene 
does form definite compounds wdth 6 atoms of chlorine and of bro- 
mine. But in nearly all cases the aromatic hydrocarbons react us 
saturated molecules, like the paraffins, yielding, when treated with 
chlorine, bromine, or nitric acid, not additive compoimds, but sub- 
stitution-products. 

Benzene may be represented as a saturated molecule by the fol- 
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lowiM con^tutional formula, in which the carbon-atoms are 
luuteci together by one or two combining units alternately ; 



K H 


The other hydrocarbons of the series may be derived from it by 
successive additions of CHg, or by substitution of methyl, CH3, in 
the place of one or more of the hydrogen-atoms ; thus : 

C7 Hg = CgH5(CH3) Methyl-benzene. 

Cg Hio = €0114(0113)2 Dimethyl-benzene. 

Cg Hi 2 == Trimethyl-benzeiie. 

C10H14 ~ C0H4(CH3)4 Tetramethyl-benzene. 

Further, a hydrocarbon isomeric with dimethyl-benzene may be 
formed by the substitution of ethyl, C0H5, for 1 atom of hydrogen 
in benzene, viz., ethyl-benzene C0Hr(O2H0); in like manner 
methyl - ethyl - benzene C0H4(CH3)(C2H5), and propyl-benzene 
CqH5(C3H7), are isomeric with trimethyl-benzene ; diethyl-benzene 
with tetramethyl-benzene, &c., &c. It is easy to see that in this 
manner a large number of isomeric bodies may exist in the higher 
terms of the series. The structure of these isomeric hydrocarbons 
may be illustrated by ^e following figures : — 


\ / 

H-/ W 

f 

H K 

Methyl-benzene. 


Clh 




-or. 


Dimethyl-benzene. 
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H^C C-C-CII3 
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Ethyl-benzene. 


Clh 
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Trimethyl-benzene. 


H 

>- 




n-c 
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Methyl-ethyl- benzene. 
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I I 
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■< 


c— c-c-cn. 
' iii 


Propyl-benzene. 


In these homologues of benzene, the six carbon-atoms belonging 
to the benzene itself are said to form the benzene ring or prin- 
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cipal chain, while the groups, CH0CH3, &c., joined on to 
these carbon-atoms are calle lateral chains. The chemical 
properties of an aromatic hyai’ocarbon differ considerably accord- 
ing to the number of lateral chains which it contains. 

Another kind of isomerism exhibited by these hydrocarbons, 
depending upon the relative position of the lateral chains, will be 
noticed fui'ther on. 

Benzene^ C«Hg. — This hydrocarbon can be produced synthe- 
tically from its elements. When ethine or acetylene, CgHg, which, 
as we have seen (p. 559 ), may be formed by the direct conibination 
of carbon and hydrogen, is heated to a temperature somewhat be- 
low redness, it is converted into several polymeric modifications, 
the principal of which is triethine or benzene, 3C2H2=CgHg. 

This mode of formation leads at once to the constitut ional formula 
of benzene above given : for suppose three molecules of ethine 
placed as in the left hand figure below ; and, further, that one of the 
three units of affinity between the two carbon-atoms in each of 
these molecules is removed, and employed in linking together the 
alternate carbon-atoms : then we have the formula of benzene, as 
given in the right hand figure. 


Ethine. 

H— C 

Etliine. 

C— H 

H- 

-C 

c- 

-H 

III 

H— C 

III 

C— H 

H- 

II 

-0 

1 

1 

-H 

H— C— 

^C— H 

H— 



-H 


Ethine. Benzene. 


Benzene is also formed in the dry distillation of many organic 
substances, and is contained in considerable quantity in the more 
volatile portion of coal-tar oil, from which it is now almost always 
jDreparetl. To obtain it, the oil is repeatedly washed with dilute 
sulphuric acid and with potash, to remove the alkaline and acid 
products likewise e.\i sting in it; and the remaining neutral oil is 
submitted to repeated fractional distillation, the portion which 
goes over between 80 ° and 90 ° being collected apart. On cooling 
this distillate to — 12°, the benzene crystallises out, and may be 
purified from adhering liquid substances by pressure. It is now 
prepared in immense quantities for the manufacture of aniline ; but 
the commercial product is always impure, containing also the 
higher members of the aromatic series. 

Pure benzene may be obtained by distilling benzoic acid with 
lime : 

CyHeOg + CaO - CaCOg + 

Benzoic Lime. Calcium Benzene, 

acid. carbonate. 

Benzene is identical with the so-called bicarhuret of hydrogen^ 



758 


AROMATIC GROUP : HYDROCARBONS. 


discovered many years ago by Faraday in the liquid condensed 
during the compression of oil-gas (p. 169). 

Pure benzene is a thin, limpid, colourless, strongly refracting 
liquid, having a peculiar ethereal odour. It has a density of 0*885 
at 15-6®, boils at 82®, and solidifies at 4*45° to a white crystalline 
mass. It is nearly insoluble in water, but mixes with alcohol 
and ether. It dissolves iodine, sulphur, and phosphorus, and a 
lar^e number of oi^anic substances, fats and resins, for example, 
which are insoluble, or very sparingly soluble in water and alco- 
hol : hence its use in many chemical preparations, and for remov- 
ing grease-spots from articles of dress. 

^nzene, passed in the slate of vapour through a p )rcclain tube 
heated to bright redness, is jwtly resolved into hydrogen gas, 
containing a small (quantity of ethine, and the following liquid 
products: (1.) diphenyl, — li^; (2.) chrysene, 

Cj 8 Hi 2 = 3CgHg — Hg ; (3.) benzerythreiie, a solid, resinous, 
orange-coloured body of unknown composition, which distils over 
in yellow vapours at a dull red heat ; (4.) bitumene, a blackish 
liquid, which remains in the retort at a dull red heat, and solidi- 
fies on cooling.* 

Additive-compounds of Benzene.— Benzene, altliouglj, as 
already observed, it mostly reacts as a saturated molecule — exhi- 
biting indeed in its chemical relations a very close resemhlance 
to the paraffins — can nevertheless, under certain circumstances, 
take up 6 atoms, or 3 molecules, of chlorine or bromine, forming 
the compounds These are crystalline 

bodies, obtained by exposing benzene to sunshine in contact with 
chlorine or bromine, ^e former also by mixing the vapour of 
boiling benzene with ®ilorine. Benzene hexchloride melts at 
132®, and boils at 288®, being partly resolved at the same time 
into hydrochloric acid and trichlorobenzene : CgHgC^lg = 3HCI - 1 - 
C 0 H 3 CI 3 . The same decomposition is quickly produced by heat- 
ing the compound with alcoholic solution of potash. Benzene 
hexbromide exhibits a similar reaction. 

Benzene is also capable of uniting directly with three inoleculos 
of liypochlorous acid^ forming the compound C(.HflCl 303 , or C^Hg. 
3C16H, which* crystallises in thin colourless plates melting at 
about 10 ®, and is converted by alkalis into a saccliarine compound 
called phenose, isomeric with glucose or grape-sugar: 

CCH 9 CI 3 O 3 + 3HKO = 3KC1 + C,TI^20«. 

The formation of these additive compounds may be explained 
in the same manner as that of ethene chloride (p. 556), namely, 
by supposing that when the benzene-molecule is subjected to the 
influence of^hlorine, bromine, &c,, the attachment of the altor- 

♦ Berthelot, Bulletin de la Socidte Cliiniique de Paris [2], vi. pp. 272, 
279. 
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nate pairs of carbon-atoms becomes loosened, so that each pair of 
carbon-atoms becomes united by only one unit of affinity, and each 
carbon-atom has one unit of affiuitjf left free, and ready to take 
up an atom of chlorine or other univalent radicals. The nature 
of the alteration is shown by the following figures, in the second 
of which the unsaturated affinities are indicated by dots : 



Saturated. I^n saturated. 


SUBSTTTUTTON-PRODUCTS OF Benzene. — Chlorine and bromine 
act readily on benzene, forming suLstitution-iiroducts in which 
the hydrogen-atoms fire successively replaced by the halogen 
element ; thus with chlorine the compounds 

CoH,Cl, C^H^Cl^, C,II,Cl„ C„H,C1„ C„HC1„ C«C1„ 

are obtained. The Jbrniation of the more highly chlorinated pro- 
ducts is facilitated by the 2 )resence of iodine or of antimony penta- 
chloride. 

Mo no chlorobenzene, 0^.11^, Cl, which may also be jireparcd 
by the action of phosphorus })entachloride on phenol, CfjHg(OH), 
— and is hence regarded as a chloride the univalent radical 
phenyl^ — is a colourless liquid, heavier than water, and boil- 
ing at about 136°. When treated with nascent liydrogen (evolved 
from water by sodium or sodium-amalgfini) it is reconverted into 
benzene. 

The more highly chlorinated benzenes are crystalline solids, 
and exhibit isomeric modifications. Of dichlorobenzene, 
CgH^Clg, two modifications are known, one obtained by passing 
chlorine into a solution of iodine in benzene, the other by the 
action of alcoholic potash on the oily product obtained by the 
action of chlorine in sunshine on monochlorobenzeue. The first 
melts at 53% and boils at 171®; the second melts below 0°, and 
boils at 175°. Trichlorobenzene, C 0 H 3 CI 3 , and tetrachloro- 
benzene, Cp,H 2 Cl 4 , have also been obtained, each in two modifi- 
cations differing in their melting and boiling points. 

Monobromobenzene, CgHgBr, is a liquid boiling somewhat 
above 150®. Dibromobenzene, CQH 4 Br 2 , exhibits two modifi- 
cations, one melting below 0°, and boiling at 214°, till other melt- 
ing at 89° and boiling at 219°. Of tribromobenzene, C 0 H 3 Br.„ 
only one modification is known, which crystallises in needles, 
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melting at 44° and boiling at about 275°. Tetrabromoben- 
zene, CgHgBr^, is known in two modifications, both of which are 
crystalline. 

The iodobenzenes are likewise crystalline solids. 

These haloid derivatives of benzene are comparatively stable 
compounds, which do not give up their chlorine, bromine, or 
iodine in exchange for hydroxyl or other radicals so easily as the 
corresponding derivatives of the paraffins (p. 550) ; thus mono- 
chlorobenzene or j)henyl chloride, C^ILCl, is not converted into 
hydroxyl-benzene or phenyl alcohol, C^-Hr/OH), by treatment 
with water or alkalis. 

Nitro benzenes. — Benzene dissolves readily in strong nitric 
acid, and on adding water to the solution, nitrobenzene, 
CeH5{N02), separates; 

-f NO^COH) = HP + C^H^NO^. 

It is a yellowish liquid, smelling like bitter almonds, and hence 
used in perfumery; it is known commercially by the incorrect 
name of artificial oil of almonds, l^y reducing agents, it is con- 
verted into amidobenzene or aniline, CqH 5(NH2), which will be 
described amongst organic bases. 

Di nitrobenzene, CgH4(N02)o, produced by warming benzene 
with a mixture of nitric and sulphuric acids, is a white substance 
crystallising in needles; by reduction with hydrogen sulphide, it 
is converted into nitrauiline, CqH 4(N02)(NH2). 

The isomeric modifications of the higher substitution-deriva- 
tives of benzene are supposed to depend on the relative positions 
of the chlorine-atoms which enter into the molecule in place of 
two or more of the hyd||^)gen-atoms. Referring to the diagram on 
page 756, it is easy to see that, as the arrangement and mode of 
combination of the carbon and hydrogen atoms are x^erfectly sym- 
metrical, the replacement of one atom of hydrogen by chlorine, 
bromine, or other radical must yield the same result, whichever of 
the hydrogen-atoms may be thus replaced. Accordingly there is 
but one nionochlorobenzene, CgHpl. But when two or more 
hydrogen-atoms are thus replaced, isomeric modifications become 
jDossible according as the atoms of chlorine, bromine, &c., take 
the place of contiguous* or of non-contiguous hydrogen-atoms. 
Referring again to the figure above mentioned, in which the 
carbon-atoms are numbered from 1 to 6, we may see that there may 
be three dichlorobenzenes represented by the following figures : 
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These three modifications are d'stinguished by the symbols 

1:2 1:3 1:4 

Jn the first the two chlorine-atoms are contiguous ; in the second 
they are separated by one atom ; and in the third by two atoms of 
hydrogen. It is clear that these are the only three modifications 
possible : for 2 : 3, 3:4, 4:5, and 6 : 1, would be the same as 1 : 2 ; 
2 :4 and 3 : 5, and would be the same as 1:3; and 2 : 5 and 3 : (i 
would be the same as 1 : 4. 

The number of possible modifications fonned by successive 
replacement of the hydrogen-atoms in benzene are as follows : 

Tlie hydroifen-atoms are successively replaced by the same ele- 
ment or compound radical. In this case the number of modifica- 
tions is as follows : — 


! Number of 
Hydro^ren-atoms 
replaced. 

Number of 
Modifications. 

Places of tlie replaced 
Hydrogen-atoms. 

one 

one 

1 

two 

three 

1,2 1,3, 1,4 

three 

three 

1,2,3 1,2,4 1,3,5 

four 

three 

1,2,3,4 1, 2,4,6 1,3,4,6 

five 

one 

1.2,3, 4,6 

six 

one 



b. 21ie hydrogen-atoms are replaced by different elenunts or 
radicals. 

If only two hydrogen -atoms are thus reidaced, the number of 
possible modifications remains the same as above, viz., three ; for 
the reversal of the order (AB or BA) can make no difference in the 
result ; but if three or more hydrogen-atoms are replaced by dif- 
ferent radicals, the number of possible modifications becomes larger, 
inasmuch as the order of succession of the substituted radicals may 
then exert an influence on I be nature of tlie product ; thus: to 
one tribromobenzene, CgBrBrBrHg, in which the bromine-atoms 
occupy the places 1,2, 3, there will correspond two dibromochloro- 
benzenes, viz., CgBrBrClHg and CgBrClBrllj. 

In the present state of our knowledge we cannot in all cases 
assign to the several radicals which replace the hydrogen in benzene 
their exact relative positions in each isomeric modification; but, 
inasmuch as a given modification of a benzene-derivative may in 
many cases be converted by simple metamorphoses into a part icu- 
lar modification of another benzene-derivative, we may conclude 
that in the two derivatives thus producible one from the other, 
the radicals which have replaced two or more atom$ of hydrogen 
occupy corresponding places. Accordingly, the derivatives of 
benzene containing a given number of replaced hydrogen-atoms 
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may be divided into groups, each containing those modifications 
which can be readily formed one from the other, and in which 
therefore the radicals which have replaced the hydrogen-atoms 
may be supposed to be similarly situated. 

' The bi-derivatives of benzene, e.g., C^jH^ClCl, CgH^ClBr, 
CgH^^NOg), &c., exhibit, as above mentioned, three such modi- 
fications, and these, which have been more studied than the more 
complex modifications, are distinguished by the prefixes orthoy 
rrieta^ and para : thus the three dichlorobenzenes are designated as 
follows : 

12 3 4 5 6 

Orthodichlorobenzene, 1:2 CfjClClHHHH 

Metadichlorobenzene, 1:3 C^.ClHCiHHH 

Paradichlorobenzenc, 1:4 CgClHHClHH . 

Toluen.e, C^IIg, or Methyl- benzene, 0^115(0113^ — This 
hydrocarbon, which may also be regarded as a compound 01 methyl 
with the univalent radical, phenyl, i.e., as phenyl-methyl, OgHg. 
OH3, Is produced : Synthetically (1.) By the action of sodium on 
a mixture of bromobenzene (phenyl bromide), and methyl iodide : 

OgHgBr + OH3I + Na^ = NaBr + Nal -f OgHg.OH.,. 

(2.) By the mutual action of benzene (phenyl hydride), and 
methane (methyl hjrdride), in the nascent state, as when a mix- 
ture of 2 parts of sodium acetate and 1 part of sodium benzoate Is 
subjected to dry distillation : 

Ogllg + OH, = 0 ,TIg + K,. 

It is also produced by distilling toluic acid, CgllgOg, with linn^, 
which abstracts carbon dioxide : 

CgHA - CO2 + CjH,. 

It occurs, together with benzene and the other hydrocarbons of 
the series, in light coal-tar oil, and in the products of the distilla- 
tion of wood, tolu-balsam, dragon’s blood, and other vegetable 
substances ; and, together with many other hydrocarbons, in Ran- 
goon tar or Bunnese naphtha. 

Toluene is a limpid liquid, smelling like benzene, and having a 
density of 0-881 at 5 °. It boils at 111°, and does not solidify at 
— 20°. In respect of solubility and solvent power, it is very much 
like benzene, but dissolves somewhat more readily in alcohol. 
When treated with oxidising agents, it yields benzoic acid, C^HqOjj, 
or derivatives thereof; with potassium chromate and sulphuric 
acid, it yields benzoic acid ; and by prolonged boiling wdth strong 
nitric acid, nitrobenzoic acid. 

Toluene vapour passed through a red-hot porcelain tube is partly 
resolved into hydrogen gas (with small quantities of methane and 
ethine), and the fdlowing liquid products: (1.) Benzene and 
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naijhthulene in considerable quantities. (2.) A cryslallisable 
hydrocarbon volatilising at 280 , and probably consisting of diben- 
zyl, (3.) A liquid isomeric with the last. f4.) A mix- 

ture, aistiiling above 360®, of anthracene with an oily liquid. (6.) 
Chrysene and the last decomposition-products of benzene. The 
formation of benzene, naphthalene, anthracene, and dibensyl is 
represented by the equations : 

2C,H3 = C„H„ + H,; 2C,H, = C„H,o + 3H,. 

Toluene. DibenzyL Toluene. Anthiaceiie. 

4C7H8 = + CioHg + 3H2 

Toluene. Benzene. Naphtha- 

lene. 


SuBSTiTUTioN-PRODUc^j’S OF ToLUENE. — The formula of toluene, 
CjjHr^.CHg, indicates the existence of two series of substitution- 
products, according as the replacement of the hydrogen by other 
radicals takes place in the benzene residue or principal chain, or 
in the methyl group or lateral chain ; thus : 


C,H,CLCHs 

Monochlorotoliicne. 

C„H4(0H).CII, 

Cresol. 

C,H,(NH,).CH, 

Toluidine. 


is isomeric with 


99 


99 


Benzyl chloride. 

CcHb.CH2(OH) 
Benzyl alcohol. 

CoH,..C!H,(NH2) 

Benzylamine. 


These isomeric derivatives difler considerably from one another 
in their properties. Those in the left-hand column, formed by 
replacement of hydrogen in the benzene residue, are comparatiA'^ely 
stable and indifferent compounds, like those derived in like 
manner from benzene itself ; whereas those in the right-hand 
column, formed by rei)lacement of hydrogen in the methyl atom, 
are more active bodies, easily exchanging their chlorine, hydroxyl, 
&c., for other radicals by double decomj^osition, like the corre- 
sponding derivatives of the paraffins (p. 550). Thus benzyl 
alcohol treated with hydrochloric acid yields benzyl chloride (just 
as ordinary ethyl alcoliol similarly treated jdelds ethyl chloride) ; 
and this compound heated with ammonia yields benzylamine ; the 
chloride is also easily converted into the acetate, cyanide, &c., by 
treatment with the con’esponding potassium salts. In short, these 
last-mentioned toluene derivatives exhibit reactions exactly like 
those of the corresponding compounds of the methyl and ethyl 
series, and may, in like manner, he supposed to contain an alcohol 
radical, C7H7, called benzyl: benzyl chloride, C7H7*C1 ; 

benzyl alcohol, C7H7(OH) ; benzylamine, C7ll7(NH2). 

The toluene-derivatives in the left-hand column are fui'ther 
susceptible of the kind of isomeric modification already noticed, 
depending on the relative positions of the chlorine, bromine. 
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hydroxyl, &c., and the methyl ; cresol, for example, exhibits the 
three modifications : 

C 6 HHHH( 0 H).CH 3 CeHHH(OH)H.CH 3 CeHH(OH)HH.CH 3 

Orthocresol (1 : 2) Metacresol (1 : 2) Paracresol (1 : 4) 

according as the OH and CH 3 are contiguous, or separated by 1 or 
by 2 atoms of hydrogen. 

The difference in chemical character arising from the chlorine, 
&c., being introduced into the principal or into the lateral chain 
is much greater than tliat which depends upon tlie relative posi- 
tions of the methyl and the other substituted radicals in the 
principal chain ; in fact, the differences in the latter case are, as 
observed in the case of the chlorobenzenes, &c., cliiefly physical. 
In speaking of these two kinds of isomeric modification, it will be 
convenient to designate the former as me tarn eric, the latter as 
isomeric. * 

Chlorotoluenes. — The action of chlorine on toluene gives 
rise to a number of substitution- products, differing in constitution 
according as the reaction takes place at high or at low tempera- 
tures. Compounds isomeric with these are also obtained from 
benzyl alcohol. Of the two metameric monochlorinated com- 
pounds whose existence is indicated by theory, viz., monochloro- 
toluene and benzyl chloride, the first is i)roduced at low, the second 
at comparatively hi^h temperatures, as when toluene is distilled 
in a current of chlorine gas, keeping the tenmerature between 110 ° 
and 140° Benzyl chloride boils at 176°. Chlorotoluene exhibits 
two isomeric modifications depending on the relative position of 
the chlorine and the group CH3. The compound formed iii 
the manner just mentioned, which is the para modification, 
CqHHCIHH.CIIp, boils at 157°-158°, and yields toluene Avhen 
treated with sodium. Orthochlorotoluene, CQH 4 CI. CH 3 , is also 
known ; it boils at 156°. 

Of the dichlorinated derivatives of toluene, three metamerides 
may exist , viz. : 

CoHgClg. CH 3 C 0 H 4 CI. CHjjCl CeHfi. CHCI 2 

Dichloro- Chlorobenzyl Chlorobenzol 

toluene. chloride." (so-culled). 

The first does not appear to have been obtained, at least in the 
pure state. The seconil is formed by the action of chlorine on 
benzyl chloride, or on monochlorotoluene ; it is a liquid boiling 
somewhat below 200 °. When treated with alcoholic potash, it 
easily gives up half its chlorine (that contained in the methyl 
atom), but the other half is more obstinately retained. Chloro- 
henzoly or dichloromethyl-benzeney is produced by the action of phos- 
phorus pentachloride on benzoic aldehyde or bitter almond oil, 
(C^H^O). It is a colourless, strongly refracting oil, which boils at 
206°, and Tvhen heated to 120°-130° with water or aqueous potash, 
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easily gives up the whole of its chlorine in exchange for oxygen, 
reproducing benzoic aldehyde : 

C8H5.CHCI2 + HgO = 2 HC 1 + CgHg.CHO 

Chlorobcnzol. Benzoic 

aldc’jydc. 

The more highly chlorinated toluenes, C^HgCL and C7H4CI4, 
admit of a still greater number of metameric modifications ; but 
we cannot here describe them in detail. 

The bromotolueiies are analagous in composition and mode 
of formation to the chlorotoluenes, and exhibit corresponding 
isomeric modifications. 

itrotoluenes. — Mononitrotoluene^ C7H7(NO^), is formed by 
treating toluene in the cold with fuming nitric acid, and separates 
on addition of water as a red liquid ; but on redistilling this 
liquid, collecting the portion which passes over below 240 ®, and 
dissolving it in alcohol, it is obtained in white shining crystals, 
which melt at 54 ®, and distil without decomposition at 238 ®. A 
liquid modification, which does not solidify, is obtained by heat- 
ing dinitrololuene in hydrogen. By the action of ammonium 
sulphide, nitrotoluene is converted into amidotoluene, or 
toluidine, C7H7(NH2). Dinitrotoluene^ C7Hg(N02)9, and Tri- 
nitrotoluene^ are crystalline bodies obtained by treating 

toluene with hot niming nitric acid. The former is converted by 
ammonium sulphide into nitrotoluidine, C7H^(N02)(NH2)* 

Hydrocarbons, C^Hio- — This formula includes the two 
metameric bodies : 

C,H,(CH2CH3) C,H4(CH3)2 

Ethyl-benzene. Dimethyl-benzene. 

1 . Ethyl -benzene is produced by the action of sodium on a 
mixture of monobromobenzene and ethyl bromide. It is a colour- 
less mobile liquid very much like toluene, and boiling at 133 ®. 
By oxidation with potassium chromate and sulphuric acid, it 
yields benzoic acid. It is slowly attacked by bromine, forming 
monohromethylhenzene, C(.H4Br(C2H5), which is a liquid boiling at- 
200®. Heated with bromine to 100®, it yields more highly 
brominated compounds, which are also liquid. There are three 
nitro-ethyl-benzenes, which are liquid at ordinary temperatures. 

2. Dimethyl-benzene, or Xylene, admits of three isomeric 
modifications depending on the relative positions of the two 
methyl-atoms, viz., 

1 23 4 66 

Orthoxylene, (1 : 2 ) . C6(CH3)(CH3)H H HH 

Metaxylene, (1 : 3 ) . CJCHSiI (CH.)U HH 

Paraxylene, ( 1 : 4 ) . Ce^CHa^H H (CH3)HH 

Para-xylene or methyl-toluene is produced synthetically 
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action of sodium on a mixture of bromotoluene and methyl 

CjH^Br.CHj + CH3I + Nog = NaBr + Nal + €8113(0113)2. 

Metaxylene (also called isoxylene) is obtained by heating 
mesitylenic acid with lime : C9Hi(,02=C02+C8Hio ; and orihoxy- 
lene, in like manner, from paruxylic acid, which has also the 
composition, C9H1QO2. These isomeric xylenes are colourless, 
volatile liquids, orthoxylene boiling at. 140 °- 141 °, inetaxylene at 
137 ^- 138 °, and paraxylene at 139 °. Meta- and jwa-xylene are 
contained in the less volatile portion of light coal -naphtha. When 
the portion of this li<iuid which boils at about 141 ° is shaken 
with oil of vitriol containing a little fuming sulphuric acid, the 
xylene is dissolved in the form of xylene-sulphuric acid, C^Hj^SOg ; 
and on decomposing this compound by dry distillation, and purify- 
ing the distillate by washing, drying, and rectification, a mixture of 
metaxylene and paraxylene is obtained, containing 90 per cent, of 
the former. 

-Xylene (either modification) passed through a red-hot tube, is 
resolved into a mixture of several hydrocarbons, among which are 
benzene, toluene, styrolene, napthalene, anthracene, and its higher 
homologues. The formation of some of these products is repre- 
sented by the following equations : 

CgHio - H2 = CgHg (Styrolene) 

— 3H2 = 2C7H8 + (Naphthalene) 

and ^CyHg — 3H2 = (Anthracene). 

The xylenes, oxidised with a mixture of potassium dichromate 
and sulphuric acid, are converted into phthalic acids, C8HQO4 

or C9H4 I 0QQH? according to the equation, CgH^o+Oe— 2H20-j- 

C8Hq 04, each modification of the hydrocarbon yielding a corre- 
sponding modification of the acid. 

Chlorine and bromine act upon xylene in the same manner as 
upon toluene, forming substitution-derivatives which are suscep- 
tible of a larger numl)er of metanieric modifications than those of 
toluene, inasmuch as xylene contains two methyl-atoms, whereas 
toluene contains only one ; but they have not been very minutely 
examined. 

The mono 7 iitroxyleneii, C 8 H 9 (N 02 ) (meta- and para-) are heavy 
oils, converted by reducing agents into the corresponding xylidines, 
C 8 Ho(NH 2 ). 

Dinitrometaxylene and dinitroparaxyle 7 ieyC^ll^Q^ 02 ) 2 ) are crystal- 
line solids. 

The trmitroxyleneSj C 8 H 7 (N 02 ) 3 , are obtained by treating the 
corresponding xylenes with a mixture of nitric and sulphuric 
acids : the meta- and para-compounds crystallise easily in needles. 
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the former melting at 176 °- 177 ° the latter at 137 °; hut trinitro- 
orihoxyleiie is very difficult to crystallise, solidifying very slowly 
to a crystalline mass Avhich melts .t 55 °, 

Hydrocarbons, CnHjg. — This formula includes the three 
following metameric bodies : 

CeH,(C,H,) c„H3 ] CH., 

^ ^ ^ ( CH3 

Propyl-l)enzeiie. Methyl-ethyl Trimethyl 

benzene. benzene. 

All three have been formed synthetically, the first by the action 
of sodium and propyl iodide on bromobenzene; the second by that 
of sorliuni and ethyl bromide on bromotoluene ; Ihe third by that 
of sodium and methyl bromide on bromoxylene ; thus; 

( 1 .) CJI.Br + CJT-T + Na^ = NaBr -f Nal + 

( 2 .) C„H4Br(CH3) + CJI.Br + Na^ = 2 NaBr -f + 

( 3 .) CoH3Br(CH3)2 + CHaBr + = 2 NaBr + + . 

Propyl- benzene is a liquid which boils at 157 °, forms with 
excess of bromine a viscid tetrabrominated compound, C9HgBr4, and 
with excess of strong nitric and sulj^huric acids, a crystalline tri- 
jiitro-derivative, C9riy(N02)3. 

A hydrocarbon, called cumene, also having the composition 
CgHjg, and very luiich like propyl-benzene, exists ready-formed in 
Roman cumin-oil, and is oliiained artificially by distilling cumic 
acid, Cj9Hi., 02, with lime; but it boils at a lower temperature, 
viz., 151 °, forms with bromine a finely crysttallised pentabromi- 
nated derivative, CyHj-Brr,, and is converted by excess of a mix- 
ture of nitric and sulphuric acids only into dinitrocuinene, 
C9 Hiq(N 02)2. It agrees witli j)ropyl-benzenc, however, in being 
converted fy oxidation with chromic acid into benzoic acid. 
Hence it is probable that hoth these hydrocarbons have the com- 
position Cf.H5.C3rB; but that cumene consists of isopropyl- 
benzene, CqH^ . Cn(CH3)2, whereas the conii)Ound formed by the 
action of sodium and projwl iodide on bromobenzene is normal 
propyl-benzeve, CgH5.CH2Cil2CIl3. This supposition is in accord- 
ance with tlie lower boiling jjoiiit of cumene, as it is a general 
rule that iso]:>ropyl -compounds boil at lower temperatures than the 
corresponding normal propyl-compounds. 

Cumene dissolves in hot fuming nitric acid, and w'ater added to 
the solution throw^s down a heavy oil, consisting of inononitro- 
cumene, C9Hii(N02), which is reduced by ammonium sul23hate to 
amidocuniene or cumidine, CgHj/NUg). 

Methyl-ethyl-benzene, or etnyl-toluene, C9H4(Cn3)(C2H5), 
boils at 159 °, and when oxidised witrhpotassium chromate and 
sulphuric acid, yields terephthalic acid,^eH4(C02H)2. 

Trimethyl-benzeue, C9H3(CH3)3, is stisceptible of three iso- 
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meric modifications, depending on the relative position of the 
methyl-atoms. All three of tnem exist in coal-tar, and one is 
obtained synthetically by the action of sodium on a mixture of 
monobromoxylene and methyl iodide : 

CeH 3 Br(CH 3)2 + CH 3 I -f Na^ = NaBr + Nal + C 3 H 3 (CH) 3 . 

This hydrocarbon boils at 166°, and forms with bromine the com- 
pound CgH^Br, which crystallises from alcohol in large white 
laminae, melting at 73°. 

Another modification, called mesitylene, was obtained by 
Kane, several years ago, by distilling acetone made up into a paste 
with sand, with strong sulphuric acid : 

3C3H6O - 3H2O = 

It is likewise produced, together with other aromatic lydrocar- 
carbons, by distilling camphor with zinc chloride. It is a liquid 
which boils at 163°, and is converted by boiling with dilute nitric 
acid into mesitylenic acid, CaHiq 02 . 

Coal-naphtha yields by Iractional distillation a hydrocarbon, 
boiling at 164°-167°, which was formerly regarded as a 
definite modification of trimethyl-benzene, and called pseudo- 
cumene. But recent experiments have shown that it is really a 
mixture of three distinct trimethyl-benzenes, one of which, greatly 
predominating, is mesitylene ; the second, identical with the modi- 
fication obtained by the action of sodium on a mixture of bromo- 
xylene and methyl iodide ; while the third is a modification not 
yet obtained from any other source. These three modifications 
are separated by treating them with a mixture of strong nitric and 
sulphuric acids, whereby they are converted into crystalline trini- 
tro-compounds, CqH 9 (N 02 ) 3 , which differ considerably in their 
melting points. 

Hydrocarbons — Theory indicates the existence of 

five metameric bodies 01 this group, viz. : — 


1. Butyl- benzene, 

2. Propyl-methyl-benzene or 

3. Diethyl-benzene, . 

4. Dunethyl-ethyl-benzene, 

5. Tetramethy] -benzene, . 


. . . CeH,.CJl0 

Propyl-lolueue, CflH 4 .CH 3 .C,H- 

. . . c„H4.c»iC;.4b', 

: : : 


The first is not kno^vn ; the second, third, fourth, and fifth have 
been prepared synthetically : the secojid by the action of sodium 
and normal propyl iodide on bromotoluene, C 3 H 4 Br.CH 3 ; the 
third and fourth by that of sodium and ethyl bromide on brom- 
ethyl-benzene and bromodimethyl-benzene (bromoxylene) respec- 
tively ; the fifth by that of sodium and methyl iodide on bromo- 
trimethyl-benzene. Thefte are also two hydrocarbons, CjoHn, 
called cymenes, whifli have not been prepared synthetically. 
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Propyl-methyl-benzenej Diethyl-benzene^ and Dimethyl- 
ethyl-benzene, prepared as above, are liquids, the two former 
boiling at 178^-179° the third at 183°-184°. The first is oxidised 
by chromic acid to toluic acid CgH4(CH3)., COgH, the second to 
terephthalic acid C0H4(CO2H)^, the third to an acid similar in 
constitution, but more soluble m alcohol. 

Tetramethyl-benzene, or Durene, CHgfCHg)^, prepared as 
above, and purified by distillation, is a crystalline body, melting 
between 70"^ and 80°, and boiling at 189°-191°. It floats on water, 
volatilises with aqueous vapour, and burns with a very bright 
flame. It is the only known hydrocarbon of the benzene series 
that is solid at ordinary temperatures. Its dibromo- and diiiitro- 
derivatives are likewise crystalline. 

Cymene. — This name is applied to two metameric hydrocarbons, 
C4QH14, which have not been j)repired synthetically, viz., ee> cymene 
obtained from Eoman cumin oil, and from the oil of water-hemlock 
seed (Cicnta virosa), in which latter it exists ready formed ; also 

S reduced, together with other hydrocarbons of the series, by 
ehydrating camphor CioIIigO, with fused zinc chloride or phos- 
phoric oxide (1^0^,), or phosphoric sulphi(ie (P2fc56) ; and /3 cymene, 
which occurs amongst the products of the destructive distillation 
of coal. 

€t Cymene. — The essential oil of Roman cumin consists mainly 
ol* cumic aldehyde CjoHigO ; and by distilling the oil with alcoholic 
potash, this aidehyde is resolved into cumic acid CioHjgOg and 
» cymene : 

3C30H12O + HgO = 2CVIi,0, + C\oHi 4 . 

But the best mode of preparing oc cymene is to distil camphor 
with phosphorus pentasuljdiide, cymene then passing over un- 
mixed with any other hydrocai'bon : 

5 C 4 oHi ,0 + PgS, = 5C40H44 -f PA + SHgS. 

A hydrocarbon CiqHu having the same boiling point as ot 
cymene, and convertible by strong sulphuric acid into cymene- 
sulphuric acid, CjoHigSOgH, is obtained by treating terpene 
ilibromide CjQHjgBrg (jiroduced by acting on turpentine oil with 
bromine in a cooled vessel), with aniline, which abstracts hydro- 
bromic acid : CioH^^fjBrg — HgBrg = C10H14. Turpentine oil may, 
therefore, be regarded as a hydride of cymene (p. 782). 

sc Cymene is a colourless, strongly refracting oil, of sp. gr. 0*80 
at 14°, boiling at 175°-178°. By prolonged boiling with dilute 
nitric acid it is converted iiito toluic acid, 0^11^(00211) ; with 
stronger nitric acid it yields nitrotoluic acid ; and uy boiling with 
potassium chromate and sulphuric acid, it forms terephthalic acid, 
CgHQ04=CeH4(C02H)2. According to Sieyeking, it unites with 
chlorine and bromine, forming the liquid compounds Ci^Hi4Cl2 

3 c 
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; a^jcording to Pittig and Ferber, it fonns only sub- 
stitution-products. — ^Cold fuming nitric acid converts it into liquid 
nitincymene, C^H^(NOA whicn is converted by reducing agents 
into cymidine, C^Hij/NHg). By prolonged heating with a mix- 
ture of nitric and siuphuric acids, it is converted into dinitrocy- 
men^, wnich crystallises from alcohol in long needles 

or lamince, melting at 69*5° ; by still further treatment (for several 
daj^s) with the mixed acids, it appears to yield crystalline trihi- 
trocymene, melting at 107°. 

Propyl-methyl benzene, prepared as above mentioned, boils at 
nearly the same temperature as » cymene, is likewise converted 
by oxidation into toluic and afterwards into terephtlialic acid, and 
indeed appears to resemble ot, cymene in every respect, excepting 
that its nitro-derivatives do not crystallise^ From the analogy of 
cumene (767) it is probable that^the syuthetically-pi'epared com- 
pound is normal projDyl-toluene, and that a cymene L isopropyl- 
toluene. 

/3 Cymene is contained in coal tar, chiefly in the heavy oil 
boiling above 170°. It differs from u. cymene in its boiling point. 
Its products of oxidation have not been examined ; but it has 
hitherto been found that processes of destructive distillation yield 
only methyl-derivatives of benzene ; hence it is probable that /3 
cymene is one of the modifications of tetramethyl-benzene. 

Hydrocarbons, — This formula admits of seven modi- 

fications, only three of which have, however, been obtained, viz. : — 


Amyl-l>enzene, . . . , 

Diethyl-niethyl-benzene, or Die- 
thyl-toluene, . . . . 

Propyl-dimethyl-benzene, Propyl- 
xylene or Laurene, . 


CgH^.CgHii boiling at 193° 
^8^3 I ((?h')2 » 

CeHa I „ 188° 


The first is obtained by the action of sodium on a mixture of 
monohroinobenzene and amyl bromide ; the second by that of 
zinc-ethyl on benzylene chloride : 

CeH,.CHCl2 + Zn(C,H,)2 = ZnCl^ + 

the third, together with several of its lower homologues, by distil- 
ling camphor with zinc-chloride^ The constitution of this last 
modification is inferred from its reaction with dilute nitric acitl, 
which oxidises it to lauroxylic acid CgHiyOg : 

+ O, = 200^ + SH^O + 

The hydrocarbons and C 13 H 20 J of which numerous 

modifications are possible, are known each only in one, viz. : — 
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Boiling pointy Sp. gr. at 0® 

1 f 213“ b'seis 


Amyl-met liyl-benzene or Amyl- 

toluene, 

Amyl - dimethyl - benzene or 
Amyl-xylene, 

They are formed by the action of sodium and amyl bnnnide on 
bromotoluene and bromoxylene respectively. 


C5Hn 


233° 


0*8951. 


II. Hydrocarbons, 0^11211—8 to CnH 2 n — 24. 

1. The formula Cnlt^n— s includes phenylene, and 

cinnamene or styroleiie, with its isomcride, mctacin- 

nnmene. 

Uf phenylene verjiliitle is known. A liquid having the com- 
position OelL, and boiling at 91°, was found by Church among the 
products of the decomposition of inoiiochlorobenzene by sodium- 
amalgam, Phenylene is probably also formed, together with ben- 
zene, when diphenyl, C\oHio, is passed through a red-hot t ube, but it 
is subsequently converted into a polymeric body, chrysene, CjgHj^ : 

C 12 H 10 = + C,H,; and3C,H, = 

Cinnamene, or St 3 rrolene, CgHg, is produced : 1. Syntheti- 
cally : ec. Bypassing a mixture of benzene vapour and ethine oi* 
ethene throuf^ a red-hot tube : 

C«He + = C,1I, ; and + 11,. 

fi. In like manner, together with benzene, from diphenyl and 
ethene : 

+ C2H4 = C«Hg + C,H„. 

2. In the decomposition of xylene which takes place when the 
vapour of that comj^ound is passed through a red-hot tube : Cgllio = 
CgH« + Hj,(p. 766.) 

3. By distilling cinnamic acid with baryta, which removes car- 
bon dioxide : Cj,HgO^ = CO« + CgHg. 

4. Cinnamene is contained in liquid storax, and may be separated 
by distilling the balsam with water containing a little sodium 
carbonate, to retain cinnamic acid. 

Cinnamene is a very mobile, colourless oil of specific gravity 
0*924. It boils at 145°, and does not solidify at — 20° When 
heated to 200° in a sealed tube, it is converted into a white, transpa- 
rent, highly refractive, solid substance, called metacinnaniene 
or metastyrolene. This sul)stance, when heated in a small 
retort, yields a distillate of pure liquid cinnamene.* 

* It was formerly supposed that cinimmene prepared from cinnamic 
acid was not conveiHied by heat* into a solid modification, like styi’olene 
from storax : hence the two were regarded as isomeric, not identical ; hnt 
later researches have shown that pure cinnamene from cinnamic acid is 
likewise convertible into solid metacinnamene. 
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CgHg + CjH^ = CjoHg + 2H2. 

A mixture of cinnamene and benzene vapours, passed through a 
T6d»not porcelain tube, yields anthracene, Cj 4 Hjq, together with 
small quantities of other products : 

+ C«Ho = C 14 H# + 2II 


Cinnamene acts with chlorine and bromine like a bivalent radical, 
forming the compounds OgHgCL and CgH^r 2 , which, when treated 
with alcoholic potash, give up HCl and H®r (like th^ correspond- 
ing ethene-compoun<ls), leaving chloro-cinnamciie, CgHyC^l, and 
bromo-cinnamene, CgB^Br. According to Laurent, cinnamene 
yields with chlorine a hexchloride of dicMoro-cinnamene, 
tJgHgClg.Clj^,. — Metacinnamene is also acted upon by bromine, 
but with considerable difficulty. — Both cinnamene and meta- 
cinnamene treated with fuming nitric acid yield mononitrated 
derivatives, CgH 7 (N 02 ): that obtained from cinnamene is crystal- 
line ; that from metacinnamene amorphous. 

2. Sfaphthalene, C^QlIg. — This hydrocarbon is produced, as 
already observed, in the decomposition of toluene, xylene, and 
cumene at a red heat; also hy x>as9iug vapour of benzene, cin- 
namene, chrysene, or anthracene through a red-hot tube. It is 
formed in large quantities as a bye-product in the preparation of 
coal-gas, its production doubtless arising from reactions similar to 
those just mentioned. When the last portion of the volatile oily 
product which passes over in the distillation of coal-tar, is collected 
apart and left tp stand, a quantity of solid crystalline matter sepa- 
rates, which is principally naphthalene. An additional quantity may 
he obtained by pushing the distillation until the contents of the 
vessel begin to char; the naphthalene then condenses in the solid 
state, hut dark-coloured and very impure. By simple sublimation, 
once or twice repeated, it is obtained perfectly white. In this state 
naphthalene forms large colourless, transparent, brilliant, crystal- 
line plates, exhaling a faint and peculiar odour, wliich has been 
compared to that of the narcissus. Naphthalene melts at 80° to a 
clear, colourless liquid, which crystallises on cooling ; it boils at 
212 °, and evolves a vapour whose density is 4*528. When strongly 
heated in the air, it inflames and burns with a red and very sm(^y 
light. It is insoluble in cold water, but soluble to a sli^t degree 
at the boiling heat ; alcohol and ether dissolve it easily ; a hot 
saturated alcoholic solution dei>osits fine iridescent crystals on 
cooling. 

Naphthalene dissolves iu warm strong sulphuric acid^ forming 
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t wo crystalline acids : sulphonaphthalic acid, CioHgSOg, and disul- 
phonaphthalic acid, CioHgSgOg, both of which form soluble barium 
salts. 

Naphthalene unites directly with 4 atoms of bromine and chlorine^ 
forming the compounds CioHgCl 4 and CioHgBr^. It also forms a 
gi’eat number of substitution-products with these elements, bromine 
being capable of replacing from 1 to 4, and chlorine from 1 to 8 
atoms of hydrogen in naphthalene ; there are also several deri- 
vatives containing both bromine and chlorine, e.g,^ CioH 3 Br 2 Cl 3 . 
Many of these sul)stitij||don-derivatives are susceptible of isomeric 
modifications differingTrom one another in their physical pro- 
perties The chloro- and bromo-naphthalenes are capable, like 
iiai)iithalene itself, of uniting with 4 atoms of bromine or chlorine, 
and with 2 molecules of hydrochloric or hydrobromic acid, forming 
such compounds as CioH^Cl 2 .Cl 4 , CioH 4 BrgCl 2 . 2 HCl, &c. 

With strong nitric acid^ naphthalene yields the three substitu- 
tion-products, CioH^(N 02 ), Cj^He(N 02 ) 2 , and C|oH 5 (N 02 ) 3 , all of 
Avhich are white crystalline solids. The first is converted by re- 
ducing agents into amidonaphthalene, naphthalidine, or naphthy- 
laniine, Cj^H^(NIl 2 ). 

By oxidising agents, as by a mixture of manganese dioxide and 
a potassium dichromate and sulphuric acid, and by chlorous acid, 
naphthalene is converted into plithalic acid, CgH 4 (C 02 H) 2 , two of 
its carbon-atoms being removed as carbon dioxide, while two 
others remain in the form of carboxyl : 

CjoHs + Oe == C„H,(C02H)2 + 200^ + H^O. 

Hence najihtbalene contains a benzene residue C 0 H 4 ; and further 
considerations, into which we have not space to enter, show that 
it may be regartled as made up of two benzene residues, symmetri- 
cally "disposed in the manner shoAvn by the following formula: 



^c— a 

1 

H-C. 

.C-H 


It is easy to see that the replacement of the hydrogen-atoms in 
such a molecule by other radicals, may give rise to a large number 
of isomeric subsiitul ion-derivatives. In benzene we nave seen 
that the replacement of one hydrogen-atom by chlorine, hydroxyl, 
&c., can give but one derivative, because all the carbon atoms are 
symmetrically disposed and have the same functions; but in 
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naphthalene two modifications of such a derivative, for 

example, are possible, inasmuch as the hydrogen-atoms adjacent 
to the two carbon-atoms which are common to both the benzene 
rings, may be supposed to differ in their functions from the rest. 
When two or more hydrogen-atoms are replaced, a great number 
of modifications may arise, accordingly as the replaced hydrogen- 
atoms belong to the same or to different benzene rings. 

3. Diphenyl, CigHjo, and the isomeric bodies di benzyl and 
ditotyl, are included in the formula CnH 2 n— 14. 

Diphenyl is produced : ( 1 ) as alreadf^ observed, by passing 
benzene vapour througlj a red-hot tube ; = ^^ 2^10 + 11*2 • 

(2) By the action of sodium on phenyl bromide or inonobromo- 
benzeiie : 

2 CJD,Br + Na^ = 2 NaBr + • 

(3) Together with other products, by the action of alcoholic potash 
on nitrate of diazobenzene 

2rV.U4N, + C,H,0 = + C.H^O + 2N,. 

Diazoben- Alcohol. Diphenyl. Aldehyde, 

zenc. 

Diphenyl appears also to be one of the constituents of crude 
anthracene (p. 777), and passes over in the distillation of that 
Hul)stance, at about 260° 

Diphenyl crystallises from alcohol in iridescent nacreous scales, 
which melt at about 60°, sublime at a higher temperature, and 
boil at al)out 240°. It is converted by bromine into dibromo- 
diphenyl, CiJHgBrot and l)y fuming nitric acid into dinitro- 
diphenyl, C32Hg(N02)2. The latter is converted by hydrogen 
sulphicle into diainido-diplienyl or benzidine, C\A(NH,)„ a 
crystalline base, which, when treated with nitrous acid, yields the 
nitrate of tetrazodiphenyl or diazobenzidine, ' 

C 1 . 2 H 12 N 2 + 2 NHO 2 = + 4H,0. 

Dibeuzyl, C. 4 H 14 = (C^Hy) 2 , is produced by heating benzyl 
chloride, C^Hj-Cl, or benzylidene bromide, C^HgBrg (a product of 
the action of phosphorus pentahromide on hitter-almond oil), with 
sodium. It is a cryslalline solid, insoluble in water, but soluble 
in alcohol and ether ; melts at- about 52°, and distils without decom- 
position at 284° When treated with bromine and water, it yields 
the substitution -products, Ci 4 Hj.jBr, Ci 4 H 42 Br 2 , C\ 4 Hj 4 Br 3 , and 
C\ 4 HgBr^, all of which are crystalline at ordinary temperatures, 
except tne first, which is an oil solidifying when cooled below 0 ° 
Dibenzyl also unites directly with bromine^ forming the crystalline 
compound C^^ 44 B^ Fuming nitric acid converts it into dinitro- 
cUbenzyl, Ci 4 Hi 2 (NU 2 ) 2 , which crystallises in needles, and is coii- 

* Griess, Phil. Trans. 1864, part iii. p. 602. 
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verted by reducing agents into the corresponding aniido-compound, 

The isomeric confound, ditolyl, formed by heating bromo- 
toluene, CeH4Br . CHg, with sodium, is a liquid. 

The isomerism bel,ween benzyl and tolyl appears to consist in 
the former having the structure of phenylated methyl, CH2(C6H5), 
and the latter that of methylated pheny], 0^114(0113) ; thus: 

Benzyl cliloride. (f; Tolyl chloride, or 

chloro toluene. 


OITj 



n. 


Dibenzyl. 


c;ti. 



Ditolyl. 


4 . Toluylene, or Stilbene, 0.4H^2> formed, together with 
other jiroducts, by heating l)enzylidene sulphide : 


80 ,H,S = 20 ,,H ,2 + 02 ,II,«S + 2OS2 + 3H2S 

Beiizylidene Stilbene. Tliionessal. 

Hulpliide. 

It crystallises in colourless plates having a mother-of-pearl 
lustre, melts above 100®, and boils at 292 ®. It forms su))stitutiori- 
])roducts with chlorine, bromine, and nitric acid, and unites 
directly with clilorine, forming the (compound (?j4H420l2. 

5 . Anthracene, Oj4Hjq, is produced: 

a. By passing a luixture of benzene with ethene gas or cinna- 
iiiene vaj)Our, or of diphenyl or chrysene va2>our with ethene gas, 
through a led-hot j)orcelaiii tube : 

1), By exj)osing a mixture of benzene and najdithalene vapour to 
a white heat : 


2 C,JTo 

Benzene. 

+ 

Ethene. 

= 31T2 

+ 

C14H10 

Anthracene. 

C«He 

Benzene. 

+ 

Cinna- 

ineiie. 

= 2112 

+ 

C14H10 

Anthracene. 

CiaHio 

Diphenyl. 

+ 

C,H, 

Ethene. 

H2 

+ 

C14H43 

Anthracene. 

CisHi, 

Chrysene. 

+ 

Ethene. 

= 

Benzene. 

+ 

CuHjo 

Anthracene. 

CioHs 

Naphthalene. 

+ 

3 CeH„ 

Benzene. 

= 3H2 

+ 

2 C„Hio 

Anthracene. 


c. When toluene, xylene, or cumene is passed through a red-hot 
tube (pp. 763 , 766 ). 

rf. By heating alizarin, 0^411504, wdth zinc dust, a mixture of 
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metallic zinc, zinc oxide and zinc hydrate, the hydrogen required 
for the transformation being supplied hy the hydrate : 

Cx 4 Hg 04 + Hg + Zn^ = 4 ZiiO + . 

e. By heating benzyl chloride, C^H^Cl = CQHg.CHgCl, dibenzyl 
being probably formed at the same time : 

4C7H7CI = C14H10 + C,4Hi4 + 4 HC]. 

This last mode of formation ^ves an insight into the constitu- 
tion of anthracene, showing that it is made up of the residues of 
two molecules of benzyl chloride, CflHg.CHHCl, the phenyl group 
or principal chain of each giving up an atom of hydrogen, while 
of the lateral chains, CHHCl, each gives up a molecule of HCl, 
and the two residues unite in the manner shown by the following 
diagrams : 





n CH(kct^ 



Benzyl chloride (2 molecules). 



Anthracene. 


This constitutional fr)rmula may be written in a more condensed 
fonn, as follows : 

CH 

I n • 

C0H4 CH 

Anthracene is produced in the dry distillation of coal, bitu- 
minous shale, and wood, and is contained in the last heavy and 
semifluid portions of the lar, at first together with naphthalene, 
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finally with chiysene. A commercial product of this kind, used 
as a lubricator for machinery, is yellow, soft, somewhat like palm- 
oil, and contains anthracene, together with several of its homo- 
lognes and other hydrocarbons.. To obtain pure anthracene, the 
crude commercial product is distilled from an iron retort, the first 
and last portions of the distillate being rejected, and the inter- 
mediate portion crystallised either from alcohol, or from coal-oils 
boUing between 100° and 120°. . 

Anthracene forms small, colourles.s, micaceous laminsc, of sp. gi‘. 
1*147, melting at about 213°, subliming slowly at 100°, more 
quickly at a stronger heat, and boiling between 220° and 230°. It 
is insoluble in water, but dissolves easily in boiling alcohol, more 
a./uiidantly in ether, benzene, and volatile oils, especially oil of 
turpentine. It fonns substitution-iiroducts with bromine and 
chlorine. Dibromanthracene unites with bromine, forming the 
compound Cj^HgBr 2 .Br 2 , and chloranthi’acene forms a hydro- 
chloride containing (I4H7CI.HCI. 

Anthracene, heated with potassium chromate and sulphuric 

CcH^-C— O 

acid, is oxidised to anthraquinone, I || J , or C„Hs(02)", 

the two oxygen-atoms in which are linked together so as to form 
a bivalent radical, like Hgg iii the mercurous compounds. An- 
thraquinone, heated with bromine, yields dibromanthraquinone, 
(\q 1 IqBv 2 (OJ)" ; and the latter, heated with caustic potash or soda, 
is converted into alizarin, Ci 4 Hg 04 , or C, 4 Hg( 0 H) 2 ( 02 )", identical 
with the red colouring matter of Maduer (see the chapter on 
Colouring Matters). 

Crude anthracene contains also several liydrocarbons homolo- 
gous with anthracene, and less volatile than anthracene itself; 
among others, methyl-anthracene, C^^ILg, or C^ 4 H 9 (CPl 3 ), 
which is identical with the j^aranapthalene of Dumas, and tetra- 
inethyl-anthracenc, or retene, C^gHig, or C|.Hg(CH 3 ) 4 . 

Retene, which is polymeric with benzene, likewise occurs in 
thin unctuous scales on fossil pine-stems in beds of peat and lignit e 
in Denmark and other localities. It is pi*oduced also in the dry 
distillation of very resinous fir and pine -wood, passing over 
together with the heavy tar-oil, and separating in scales like 
paraffin. It is soluble in warm alcohol and ether, and dissolves 
easily in oils both fixed and volatile ; sulphuric acid converts it 
into disulphoretic acid^ CigHigSgOg. 

6. Pyrene, C^H^p, is contained, together with chrysene, in the 
mixture of solid hydrocarbons obtained from coal-tar, and having 
a higher boiling-point than anthracene. On heating the mixture 
with («irbo]i bisulphide, pyrene and other hydrocarbons am dis- 
solved, while chiysene remains behind. The pyrene may be 
obtained pure by aistilling off the carbon bisulphide, and repeat- 
edly crystallising the residue from boiling alcohol. It crystallises 
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ill plates, melts at 142*^, and distils at a high temperature. Heated 
with potassium dichromate and sulphuric acid, it is converted into 
pyrene-quinoue, Ci^HgOg. Pyrene appears to have the consti- 
tution of phenylene-naphthalene, CioHe(CgH 4 )". 

7. Chrysene, is also produced, together with henzene, 

hy heating diphenyl tor an hour in a sealed tube filled with 
hydrogen, the diphenyl being jirobably resolved in the first in- 
stance into benzene and phenylene, which latter is then poly- 
merised into chrysene (p. 771). It is found, together with benz- 
erythrene (p. 758), in the last product obtained by the distillation 
of crude anthracene, and in tlie residue left in the retort ; in larger 
quantity also in the last products of the distillation of pitch. 
Laurent likewise obtained it by the dry distillation of fats and 
resins. Pure chrysene has a fine yellow colour. It is insoluble 
in alcohol, nearly insoluble in ether, and is deposited from boiling 
oil of turpentine in yellow crystalline flakes.* 


HI. — Terpenes, CioHie. 

These bodies are volatile oils existing in plants, chiefly of the 
coniferous and aurantiaceous orders. They have not yet been 
formed by any artificial process, but their relation to the aromatic 
group is shown by their conversion into terephthalic acid by 
oxidation with nitric acid, and by the formation of cyme lie from 
tu^entine oil (p. 769). 

Turpentine oil, the most important member of the group, is 
contained in the wood, bark, leaves, and other parts of pines, firs, 
and other coniferous trees, and is usually prepared by distilling 
crude turpentine, the oleo-resinoiis juice which exudes from in- 
cisions in the bark of the trees, either alone or with water. It 
was formerly supposed that all the volatile oils thus ohiaiiied, 
and having the composition were identical in cjhemical 

and physical properties ; but recent investigations, especially those 
of Berthelot, nave shown that the turpentine oils obtained from 
different sources exhibit considerable diversities in their physical, 
and iiKjre especially in their oj)tical properties ; further, that most 
kinds of turpentine oil are mixtures of two or more isomeric or 
polymeric hydrocarbons, differing in physical and sometimes also 
in chemical properties. These modifications are often produced by 
the action of heat and of chemical reagents during the purification 
of the oil. 

The several varieties of turpentine oil, when purified by repeated 
rectification with water, are colourless mobile liquids, having a 

* Respecting the constitutional foriniilro of clirysene and pyrene, see 
Journal of the Chemical Society, 1871, pp. 692, 694. 
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peculiar aromatic but disagreeable odour. They are insoluble in 
water, slightly soluble in aqueous alcohol, miscible in all pix)por- 
tioiis with absolute alcohol, ether, and carbon disuljdiide. luev 
dissolve iodine, sulphur, phosphorus, and many organic substances 
which are insoluble in water, such as fixed oils and resins and are 
therefore used for making varnishes. 

The principal varieties are, French turi)entine oil, obtained from 
the French or Bordeaux turpentine of Pinus marUvimt, and English 
turpentine oil, from the turpentine collected in Carolina and other 
Southern States of the American Union, from Firms australis and 
Pinus Tcrda, 

French turpentine oil, when purified by neutralising it with an 
alkaline carbonate, and then distilling it, first over the water-bath, 
and then in a vacuum (by which treatment all transformation of 
the })roduct by heat or l)y reagents is avoided), consists maiidy of 
a hydrocar1)on, called terebenthene. It has a specific 

gravity of ()'864, boils at 161®, and turns the jdane of j)olarisation 
of a ray of light to tlie left. English turpentine oil, treated in a 
similar manner, yields, as its cliief constituent, a Ihpiid called 
australene, or austraterebenthene, having the same specific 
gravity and boiling point as terebenthene, but turning the 2 )Iane 
of polarisation to the right. 

When j)ure turpentine oil (terebenthene or australene) is heated 
to 2()()®-25()®, it undergoes a molecular transformation, and may 
then be separated by distillation into two oils, one called austra- 
l^yrolene, isomeric with the original oil, and boiling at 176® to 
178®; the other, called metaterebenthene, polymeric with the 
original oil, having the formula CgoHgg, and boiling at a teiupera- 
tuie above 360°. Both are levorotatory, the latter exhibiting the 
greater amount of rotatory ])ower. 

Turpentine oil treated with boron fluoride or strong sidphuric 
acidj is transformed into two hydrocarbons having no action on 
polarised light. The one, called terebene, has the formula 
and boils at 160®; the other, called colophene, or 
di terebene, consists of C 20 H 32 , and boils at a very high tempera- 
ture. 

By the action of sodium stearate <.m a solid compound of tur 2 )entine 
oil and hydrochloric acid to be jiresently described, a crystallised 
hydrocarbon, called camphene, is formed, which turns 

the j)lane of polarisiition to the left or to the right, accoiding as 
it has been formed from French or from English turjientine oil. 

If sodium acetate be used in its pre 2 )aration in place of the 
stearate, the same hydrocarbon is obtained, but it is then optically 
inactive. 

Turpentine oil exposed to the air absorbs oxygen, which then, 
as in ail slow combustions, acetuires the properties of ozone, and 
subsequently enters into combination with the hydrocarbon, form- 
ing resinous products. Nitric acidy and other powerful oxidising 
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agents, convert turpentine oil into a number of acid products of 
complex constitution. Strong nitric acid acts very violently on 
turoentine oil, sometimes setting it on fire. 

Uhlorine is absorbed by turpentine oil, with evolution of heat, 
sometimes sufficient to produce inflammation. When paper soaked 
in rectified turpentine oil is introduced into a vessel filled with 
chlorine, the turpentine takes fire, and a (juantity of black smoke 
is produced, together with white fumes of hydrochloric acid. 
Bromine acts in a similar manner. Iodine is dissolved by turpen- 
tine oil, forming at first a green solution, which afterwards becomes 
hot, and gives off hydriodic acid. When a considerable quantity 
of iodine is suddenly brought in contact with turpentine oil, 
explosion frequently ensues. Turpentine oil distilled witli 
chloride of lime and water ^ yields chloroform. 

Compoundsi of Turpentine oil, — Turpentine oil forms several 
compounds with hydrochloric acid. The gaseous acid converts it 
into the m o n o h y d r o c h 1 o r i d e, . HCl. On the other hand, 

when the oil is subjected for several weeks to the action of the 
strong aqueous acid, crystals of a dihy dr o ch 1 oride, CioHig. 2 HCl, 
are obtained. This latter compc^und is also formed by the action 
of hydrochloric acid gas on lemon oil: hence it is called citrene 
dihydrochloride. By the action of hydrochloric acid on tere- 
bene, the compound 0201132.1101 is formed, called diterebene 
hydrochloride. Lastly, when a current of hydrochloric acid 
gas is passed through a solution of turpentine oil in acetic acid, 
the compound 02oH32 ' 31101 is produced, called dii)yrolene 
hydrochloride. 

Hydrobromic and hydriodic acids form, with oil of turpentine, 
compounds analogous in composition to the hydrochlorides ; the 
dihydriodide, however, has not been obtained from turpentine oil 
itself. 

Whatever method may be adopted for preparing the hydro- 
chlorides, hydrobroinides, or the monohydriodide of turpentine 
oil, there are always two isomeric modifications obtained — one 
liquid, the other solid and crystalline. The crystallised mono- 
hydrochloride is sometimes, though inappropriately, designated as 
artificial camphor ^ and the dihydrochloride as lemon camphor. 

Hydrates of Turpentine oil. — The terebenthenes unite 
wil.h ivater in several proportions, yielding the following com- 
pounds : — 


CioHie.3H20 CA.2U,0 

Tcrpin Terpin. Tei*peiitln Terpinol. 

hydrate. hydrate. 

Terpin hydrate^ C^Hiq. 2 H 20 + uq. (also called Turpentine cam- 
phor and Hydrate of Turpentine-oil)^ is freq^uently deposited in crys- 
tals from turpentine-oil containing water; its production is favoured 
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by the presence of an acid. To prepare it, 8 vols. turpentine oil 
are mixed with 2 vols. nitric acid and 1 to 6 vols. alcohol ; and 
the mixture is frequently shaken during the first few days, then 
left to itself in shallow vessels for several weeks. Brown crystals 
are thereby formed which mu be pressed, and then recrystallised 
from boiling water, witli addition of animal charcoal. 

Terpiii hydrate usually crystallises in large rhombic prisms ; it 
dissolves sparingly in cold, easily in boiling water, easily also in 
alcohol and ether. At 100° it melts, gives ofl:* its water of 
ciystallisation, and is converted into terpin. The same change 
takes place on exposing the crystals to air dried over oil of 
vitriol. 

Terpin^ CjQHjg.2H2(), melts at 103°, and solidifies in thi^ 
crystalline state on cooling. It sublimes at about 150°, in slender 
needles. It is dissolved wdth red colour by strong sulphuric 
acid, and converted into turpentine oil. The same change takes 
place on boiling the terpin with dilute acids, heating it to 100° 
with zinc chloride, or to 160°-180° with chloride of calcium, 
strontium, or ammonium. Terpin, or terjnn hydrate, subjected 
to the action of gaseous or a([ueous hydrochloric acid, or of the 
chlorides, bromides or iodides of phosphorus, is converted into 
the crystallised dihydrochloride, dihydrobromide, or diliydriodide ; 
this is in fact the only way of obtaining the last-mentioned com- 
pound. Terpin, distilled with 2diosi)horic oxide, yields terebene 
and colopheiie (p. 779). Heated with acetic or butyric acid, 
or with benzoic chloride, it yields terebene and polyterebenea. 
When he^d with acetic oxide, (C2H30)20, to 140°, for not too 
long a time, it yields a compound containing 

Terpentin hydrate^ CjoHjg.HgO, is sometimes obtained in the 
preparation of terpin, either together with the latter, or alone. It 
IS a liquid insoluble in water, and boiling at 200°--220° 

Terpinol^ 2C.yHi^. HgO, is produced wnen terpin is boiled with 
dilute hydrochloric or suli^huric acid, or when the dihydrochloride 
of terebene is boiled with water, alcohol, or alcoholic potash. It is 
a colourless, strongly refracting oil, optically inactive, and boiling 
with partial decomposition at 168°. 

The hydrocarbon acts as a quadrivalent radical, capable 

of uniting with four monad atoms, and therefore with two 
molecules of the acids HCl, HBr, and HI, thereby producing 
the dihydrochlorides above mentioned; but, like other tetrad 
radicals, it can also take up only two monad atoms, producing 
the monohydrochloride, &c. The same tetrad radical, by doubling 
itself, loses two units of equivalence, — -just as two atoms of 
carbon when united are satisfied by six, and not by eight atoms 
of hydrogen, — and forms the hydrocarbon, Cg^H^, which is sex- 
valent, and can therefore form such compounds as C20H22 . 3HC1. 
Fuj’ther, this same hexad radical might form non-saturated 
compounds containing only four or two monad atoms ; in reality, 
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l^owevef, onl3^ ifaidsd^ containing two iRonad atoms are known, 
siicli' as « IXOl* 

If in the several hydrochlorides each atom of chlorine he re- 

E laced hy hydroxyl, HO, we obtain the formulte of the several 
ydrates of turpentine oil ; the hydrate conesponding to the 
hydrochloride . 3 HC 1 , has not, however, been prepared. 

Comtittition arid Combining Capacity of Turpentine Oil . — The 
formation of cymene from tiu^ntine, by first converting the latter 
into the dibromide CjjHjpBrjj, and then abstracting HoBrg (p. 769 ), 
shows that turpentine oil is a hydride of cymene. Now cymene 
(«) is methyl-propyl [or isopropyll benzene, C6H4. (CH3)(C3Hy) : 
hence the relation of the two hydrocarbons may be represented 
by the two following formulae : 



Cymene. , Turpentine oil. 


The presence of two lateral chains in the molecule in the posi- 
tion 1 : 4, is in accordance with the formation of terephthalic acid 
hy oxidation of turpentine oil. The other products q|f its oxida- 
tion are likewise in accordance with this view of the constitution 
of turpentine-oil. Other arrangements of the radicals CH3 and 
C3H7 in the molecule are, however, conceivable, and may perhaps 
give rise to some of the isomeric modifications of turj^entine oil 
and its congeners. Other modifications may arise from the hydra 
lion of other metameric forms of the molecule C^qHi4, e.g.j ethyl- 
dimethyl-henzene and tetrainethyl-benzene. 

The formula of turpentine oil above given, in which the double 
union of one jiair of carbon-atoms in cymene is loosened, rejire- 
sents the molecule as saturated. A similar loosening of a second 
pair would render the molecule bivalent, and therefore capable of 
taking up 1 mol. of HCl, HBr, Brg, &c., and the loosening of the 
third i>air would render it quadrivalent and capable of uniting 
with 2HC1, 2HBr, &c. 

Volatile oils isomeric with Turpentine Oil.— -The following 
volatile or essential oils obtained from plants, exhibit, like oil of 
turpentine, the composition . 

Terpenes from Aurantiaceous plants , — These terpenes are dis- 
tinguished by their fragrant odour. Lemon oil, obtained from the 
rind of the fruit of Gitras Limonum^ by pressure, or by distillation 
with water, consists mainly of citrene, a hydrocarbon 
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closely resexiibling terebenthene, having a specific gravity of 0-85 
at 15®, boiling at 167® or 168®, turning flie plane of polarisation to 
the right Wt^h water it forms a c^stallised hydrate resembling 
terpin; with hydrochloric acid, a dihydrochloride, -C ioHiq. 2HC1, 
existing in a solid and a liquid modification, and a monohydro- 
chloride, CiqHiq . HCl, apparently susceptible of similar modifica- 
tions. 

Similar oils are obtained from the rind of the sweet orange 
{Citrus aurantium\ the bergamot (C, hergamia\ the bigarade or 
bitter orange {C, higaradia)^ the lime {0. limetta), the sweet lemon 
{C. Inw^ia), and the citron (G, medica). Oil of neroli, obtained by 
♦ orange-flowers with water, is probably also a terpene 

when pure. 

Terpenes from other sources. — The volatile oils of athamanta, 
beech, l)orneo (from Dryahalanops Ca^njjhora)^ caoutchouc, caraway, 
camomile, coriander, elenii, goinart, hop, juniper, imperatoiia, 
laurel, parsley, pej)per, savin, thyme, valerian, and others, also 
the neutral oils of wintergreen {Gaultheria j^rocumhe^is), and cloves, 
are isomeric with oil of turpentine. The oils of co})aiba and 
cubebs are probably polymeric with it, their molecules containing 

^20^^32 • 

Caoutchduc, or India-rubber, the thickened hiilky Juice of 
several species of Ficus, Bujihorhia, and other trees growing in 
tropical countries, is essentially a mixture of several hydrocarbons 
isomeric or j)olyineric with turpentine oil. When pure it is nearly 
white, the dark colour of commercial caoutchouc being due to the 
effects of rflnoke and other impurities. It is softened but not dis- 
solved by boiling water: it is also insoluble in alcoliol. In pure 
ether, rectified petroleum, and coal tar oil, it dissolves, and is left 
unchanged on the evat^oration of the solvent. Oil of turpentine 
also dissolves it, forming a viscid, adhesive mass, which dries very 
imperfectly. At a temperature a little above the boiling poiiit'of 
water, caoutchouc melts, but never afterwards returns to its former 
elastic state. Few chemical agents affect this substance : hence its 
great use in chemical investigations, for conneding aj)paratus, &c. 
By destructive distillation it yields a large quantity of a thin, 
volatile, oily liquid, of naj^htha-like odour, called caoutchoucin, 
which dissolves caoutchouc with facility, lliis oil, according to 
Mr Oreville Williams, is composed of two ]>olymeric hydro- 
carbons: caoutchin, boiling at 171®, and isoprene, CY,Hg, 

boiling at 37®. 

Caoutchouc combines with variable proportions of sulphur. 
The mixtures thus obtained are called vulcanised India-rubber: 
they are more j^erinanently elastic than pure caoutchouc. 

Vulcanite, or Ebonite, is caoutchouc mixed with half its weighl. 
of sulphur, and hardened by pressure and heating. It is very 
hard, fakes a high polish, and is used for making combs, knife- 
handles, buttons, &c. It is also especially distinguished by the 
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large quantity of electricity which it evolves when rubhed : hence 
it makes an excellent material for the plates of electrical machines. 

Gutta-percha, the hardened milky juice of Isanandra guttuj 
a large tree growing in Malacca and many of the islands of the 
Eastern Archipelago, is similar in composition to caoutchouc, and 
resembles it in many of its properties, but is harder and less 
elastic. It is quite insoluble in,# and impervious to, water, and 
being also an excellent electric insulator, is extensively used as a 
casing for submarine telegraph wires. By dry distillation it 
vields isoprene, caoutchin, and a heavy oil called heveeiiej probably 
polymeric with these bodies. 

Appendix to the Terpenes. 

1. Volatile or Essential Oils. — The volatile oils obtained 
from plants mostly consist either of hydrocarbons isomeric or 
polymeric with turpentine oil, or of mixtures of those hydro- 
carbons with compounds of carbon, hydrogen, and oxygen. Thus 
valerian oil contains valeric acid, ; pelargonium oil con- 

tains pelargoiiic acid, CpH^gOg ; rue oil contains euodic aldehyde, 
C 11 H 22 O ; wintergreen oil contains acid methyl salicjdate, OgHoOg, 
the oxygenated compound being associated in each case with a 
terpene. Some consist essentially of aldehydes : thus bitter 
almond oil consists of benzoic aldehy<le, CyH^O ; the oils of cin- 
namon and cassia contain cinnamic aldehyde, C^HqO ; and tho*?e 
of anise, star-anise, fennel, ami tarragon, contain anethol, CioHigO* 
Those volatile oils which exist ready formed in living plants do 
not appear to contain any elements besides carbon, hydrogen, and 
oxygen. Sulphur is found only in certain oils resulting from a 
kina of fermentation process, as in the volatile oils of mustard and 
garlic ; nitrogen, when it occurs, must be regarded as an impurity 
resulting from admixed vegetable tissue. Volatile oils are mostly 
procured by distilling the plant, or part of the plant, with water : 
their points of ebullition almost always lie above that of water ; 
nevertheless, at 100° the oils emit vapour of very considerabh* 
tension, which is carried over mechanically, and condensed with 
the steam. The milky or turbid liquor obtained separates, when 
left at rest, into oil and water. Sometimes the oil is heavier than 
the water, and sinks to the bottom : sometimes the reverse happens. 
From parts of plants which are very rich in volatile oil, such as 
lemon and orange-peel, the oil may be extracted by pressure. 

A few volatile oils are found in the bodies of animals, — ;oil of 
ants, for example. 

Most volatile oils are colourless when pure ; they often, how- 
ever, have a yellow colour arising from impurity; and a few, the 
oils of wormwood and camomile, for example, have a green or blue 
colour, due to the presence of an oily compound of a very deep blue 
colour, called cemlein. *They have usually a powerful odour, and 
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a pungent, burning taste. When exposed to the air, they fre- 
(piently become altered by slow absorption of oxygen, and assume 
the character of resins. They mix in all i>roportions with hit oils, 
such as linseed, nut, colza, and whale oils, and dissolve freely both 
in ether and alcohol : from the latter solvent they are precipitated 
by the addition of water. Volatile oils communicate a greasy 
stain to paper, which disappears by warming ; by this character 
any adulteration with fixed oils can be at once detected. Many 
volatile oils, when exposed to cold, separate into a solid crystalline 
(jompoiind called a camphor or stearoptene^ and a li(xiiid oil, which, 
fov distinction, is sometimes called an elceoptene. 

-i. Kesins and Balsams. — Common resin, or colophony^ fur- 
nishes perlia[)s the best example of the class. It is the resinous 
substance which remains when turpentine or juiie resin is heated 
till the water and volatile oil are expelled, and is a mixture of 
two distinct bodies having acid properties: viz., abietic acid, 
04 ^ 11 ^^ 05 , which is crytallizable, and j)inic acid, CgoH^Og, which 
is amorphous. These acids may be separated from each other by 
their diffei’crice of solubility in cold and somewhat dilute alcohol, 
tlie latter being by far the more soluble of the two. Pure abietic 
acid crystallises in small, colourless, rhombic prisms, insoluble in 
water, soluble in hot strong alcohol, in volatile oils, and in ether. 
It molts when heated, but cannot be distilled without decomxjosi- 
tion. An alcoholic solution of abietic acid, prccij)itated by sul- 
ph\iric acid, yields another crystalline acid called sylvic acid,* 
isomeric witn ])inic acid. A fourth resin-acid, called pi marie 
acid, also isomeric with jiinic acid, has been found in the turpen- 
tine of the Finns maritima of Bordeaux. 

Lac is a very valuable resin, much liarder than colophony, and 
easily soluble in alcohol : three varieties are known in ccmimerce 
— viz., stich-lac^ seed laCj and shellac. It is used in varnishes, and 
in the manufacture of hats, and very largely in the preparation of 
sealing-wax, of which it forms the chief ingredient. Crude lac 
contains a red dye called lac-dye^ which is jmrtly soluble in water. 
Lac dissolves in considerable quantity in a hot solution of borax ; 
Indian ink, rubbed uji with this liqiii<l, forms a most excellent 
laheUink for the laboratory, as it is unaffected by acid vapours, and, 
when once dry, becomes nearly insoluble in water. 

Mastic^ dammar-resin^ and sandarac are resins largely used by 
the varnish-maker. Dragon's blood is a resin of a deep red-colour. 
Copal is also u very valuable substance : it differs from the other 
resins’in being but slowly dissolved by alcohol and essential oils. 
It is miscible, however, in the melted state with oils, and is thus 
made into varnish. A niftcr appears to be a fossil resin : it is found 
accomixinying brown-coal or lignite. Caoutchouc and gutta percha 
have been already described as terpenes (j^. 783). 

* According to some chemists, abietic acid is identical with sylvic acid, 

^ ^2oIl3of^2' 

3 D 



780 


AllOMATIC GROUP I HYDROCARBOXS. 


Most of the resins, when exposed to destructive distillation, 
yield oily pyro-products, usually consisting of hydrocarbons. 

Balsams are natural mixtures of resins with volatile oils. They 
dilfer very greatly hi consistence, some being quite fluid, others 
solid and brittle. By keej^ing, the softer kinds often become hard. 
Balsams may be conveniently divided into two classes — viz., those 
which, like common and Venice turpentine, Canada balsam, Copaiba 
balsam, &c., are merely natural variiivshes, or solutions of resins in 
volatile oils, and those which contain benzoic or cinnamic acid in 
addition, as Peru and Tolu halsaiifis, and the solid resinous benzoin^ 
commonly called gum-benzoin, 

Tolu-balsam, by distillation with water, yields three products — 
namely, benzoic acid, cinnamein, or styracin, CJPH 44 O 2 (p. 819), 
and tolene, a volatile, colourless hydrocarbon, boiling at 170^ C., 
and containing or, according to some authorities, 

The balsam freed in this manner from essential oils, and exposed 
to destructive distillation, yields in succession a viscous liquid, 
which crystallises in the receiver, and a thin liquid heavier than 
water; carbon dioxide and carbon monoxide are largely, evolved, 
and the retort is afterwards found to contain a residue of charcoal. 
The solid product is chiefly a mixture of benzoic and cinnamic 
acids; the volatile oil contains at least two substances, which differ 
in their boiling points, and are easily separated — namely, toluene 
(p. 762), and an oily liquid heavier than water, of high boiling 
point, and having the composition and characters of benzoic ether. 

Liquid storax distilled with water holding in solution a little 
sodiuaii carbonate, yields a small and variable quantity of volatile 
oil, not homogeneous, but from which, by careful distillation, j>ure 
cinnamene or styrolene, CgHg (p. 771), may be extracted. 

Storax, from which the styrol has been separated by distillation, 
yields, when treated with sodium carbonate, a consideral>Ie quantity 
of Bodiuni cinnaniate. The residue consists of resinous bodies, 
associated with styracin or cinnyl cinnaniate (p. 819). 

3. Bitumens, and allied substances. — Pit-coal, lignite, or 
brown coal, jet, bitumen of various kinds, petroleum, or rock oil, and 
napththa, and a few other allied substances more rarely met with, 
are products of the decomposition of organic matter, especially 
vegetable matter, beneath the surface of the earth, in situations 
where the condititnis of contact with water, and nearly total exclu- 
sion of at-mosphcu'ic air, are fulfilled. Deposited at the bottom of 
seas, lakes, or rivers, and subsequently covered up by accumula- 
tions of clay and sand hereafter destined to become shafb and 
gritstone, the oi’ganic tissue undergoes a kind of fermentation, by 
which the bodies in question, or certain of them, are slowly 
produced. Carbon dioxide and marsh-gas are bye-products of the 
reaction ; hence their frequent disengagement, the first from beds 
of lignite, the second from the further advanced and moi'e perfect 
coal. 
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The vegetable origin of coal htxs been placed beyond doubt by 
> microscopic research ; vegetable structure can be thus detected 
even in the most massive and perfect varieties of coal when cut 
into thin slices. In coal of ii'^erior quality, much mixed with 
earthy matter, it is evident to the eye. The leaves of ferns, reeds, 
and other succulent plants, more or less resembling those of the 
tropics, are found in a compressed state between the layers of 
shale or slaty clay, preserved in the most beautiful manner, but 
entirely converted into bituminous coal. The coal-mines of 
Europe, and particularly those of our own country, furnish an 
almost complete fossil flora — a history of many of the now lost 
species which once decorated the surface of the earth. 

fn the lignites the woody structure is much more obvious. Beds 
of this material are found in very many of the newer strata, above 
the true coal, to which they are consequently posterior. As an 
article of fuel, brown coal is of comparatively small value: it 
resembles peat, giving but little flame, and emitting a disagreeable 
pungent smell. 

Jet, used for making black ornaments, is a variety of lignite. 

The true bitumens are destitute of organic structure : they 
appear to have arisen from coal or lignite by the action of subter- 
ranean heat; and very closely resemlde some of the products 
yielded by the destructive distillation of those bodies. 

1. Mineral pitchy or compact bitumeriy the asphaltum or Jew^s 
pitch of some authors. — This substance occurs abundantly in 
many parts of the world — as in the neighbourhood of the Dead 
Sea in Judea ; in Trinidad, in the famous lakey and elsewhere. 
It generally resembles in aspect common pitch, being a little 
heavier than water, easily melted, very inflammable, and burning 
with a red, smoky flame. It consists principally of a substance, 
called by Boussingault asphaltenej com2:)osed of C20H32O3. Laurent 
found anthracene in a native mineral pitch. 

2. Mineral tar seems to be essentially a solution of asjihaltene 

in an oily fluid called petrolene. This liquid has a pale-yellow 
colour, and peculiar odour: it is lighter than water, very com- 
bustible, andhas a high boiling-point. It has the same composition 
as the oils of turpentine and lemon-peel — namely, Asphal- 

tene contains, consequently, the elements of petrolene, together 
with a quantity of oxygen, and probably arises from the oxidatioir 
of that substance. 

3. Elastic bitijpbien; mineral caontchow, — This curious substance 
has oiidy been found in three places — in a lead-mine at Castleton, 
in Derbyshire ; at Montrelais, in France ; and in the state of 
Massachusetts. In the two latter localities it occurs in the coal 
series. It is fusible, and in many respects resembles the other 
bitumens. 

Petroleum or rock oil and naphthay which consist mainly of 
paraffins, have been already mentioned (pp. 547, 549). 
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a&omXtio alcohols. 

1. Monatomic Alcohols, CnH2n-^e6 or CnH2n-7(OH). 

^ese alcohols are derived from the aromatic hydrocarbons 
hv substitution of hydroxyl for 1 atom of hydrogen. 
The lowest member of the series is thus derived from benzene, 
and thei*efore contains 6 atoms of cArl)oii. Now the constitutional 
formula of benzene (p. 756) shows that every one of its carbon- 
atoms is directly combined with two others. Hence when one of 
the hydrogen-atoms in benzene is i*ephiced by hydroxyl, the 
resulting alcohol must have a constitution resembling that of a 
secondary alcohol. The relation of this alcohol CLH^O or 
OqHj (OH), called phenol, to benzene, is shown by the mllowing 
formula : — 



Benzene. Phenol. 


It ajipears, then, that there can be no six-carbon alcohol of the 
aromatic group analogous in constitution to the primary alcohols 
of the fatty group. But with the higher alcohols of the series the 
case is different. For in any homologuc of benzene formed, as 
already observed, by replacing one or more of the hydrogen atoms 
in that body with an alcohol-radical of the series CnH2n+i, viz., 
methyl and its homologues, the substitution of hytlroxyl for 
hydrogen may take place either in the benzene-molecule or primary 
chain, or in the £.econdary chains attached to it. In the latter 
case the carbon-atom united with hydroxyl may be directly com- 
bined only with one other atom of carbon, so that an alcohol may 
result, analogous in constitution to the primary alcohols of the 
fatty grouj> ; but in the fonner case, the carbon united witli the 
hydi'oxyl must still remain combined with two .other atoms of 
carbon, so that an alcohol will result, analogous in constitufion to 
phenol. Such alcohols are called by the generic name of phenols; 
while those whose constitution more nearly resembles that of the 
fatty alcohols are called normal aromatic alcohols. The 
difference of structure between the aromatic alcohols and the 
phenols may be illustrated by the follows* ng formula) : — 
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Methyl-benzene 
or Toluene. 



Benzyl Alcohol. Toluic Phenol 

or Cresol. 


In the hit^^her terms of the series a greater number of isomeric 
ah' 'liols may exist, inasmuch as each of the metameric hydro- 
carbons containing a given number of carbon-atoms (p. 756) may 
furnish an alcoliol and a phenol. Thus the formula CgHjo, 
includes ethyl - benzene, Cj.Hr,( 02 H 5 ), and dimethyl - benzene 
cjucii,),, to each of which there corresponds an alcohol and a 
jdienol : 


Kthyl-bonzene. 

Dimc'thyl-benzone. 

C H ^ 

( CHa 


Alcohol. 

ojL.cii,cpr.,oH 


CoH 


Alcohol. 

( Cf 13 


\ CHjjOH 


Phenol. 

0 „H4(0H).CH3. 

Phenol. 


The constitution of the normal aromatic alcohols is similar to 
that of the primary alcohols of the methyl seiies, in this respect, 
that the carbon-atom combined with hydroxyl is also directly 
associated with two atoms of hydrogen; and at^cordingly tJiese 
alcohols, when subjected to the action of oxidising iigents, easily 
give up these two atoms of hydrogen in exchange for an atom of 
oxygen, and arc thereby converted into acids, the group, (JHgOH, 
being converted into COOTI, just as in the conversion of common 
alcohol, CH 3 .CH 2 OH, into acetic acid, CH 3 .COOH. But in the 
])henols, the carbon-atom united with hydroxyl, has its three 
other units of equivalence satisfied by combination with two 
other carlion-atoms, and there is no hydrogen in its immediate 
neighbourhood to be exchanged for oxygen : hence, these alcohols 
are not converted by oxidation into acids containing the same num- 
ber of carbon -atoms. 

The actually known aromatic alcohols and phenols are the fol- 
lowing : 

Alcohols. Phenols. 


Benzyl alcohol, . 

Xylyl alcohol, . 

Cymyl alcohol, 
Sycoceryl alcohol, 


CyHj.CHjOH 

CaHii-CHgOH 

Ci.H 2 ,.CH 30 H 


Phenol, . C3H3OII 
Cresol, . C6fri(CH3)OH 

Phlorol, CflH4(C3H3)OII 
Dimethyl 

phenol, C3H3(CH3)20PI 
Thymol, C3H3(C3H5)20H ? 
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Cresol and the higher homologues of phenol admit of isomeric 
modifications depending on the relative position of the hydroxyl 
and the methyl-, ethyl-atoms, &c. 


NORMAL AROMATIC ALCOHOLS. 

Benzyl Alcohol, C 5 .HgO = C 7 Hy(OH) ^CQH^.CHgOH; also 
Benzoic alcohol. — This alcohol is produced : 1 . Together with 
benzoic acid, C^HoOg, by the action of alcoholic potash on l3enzoic 
aldehyde (bitter-almond oil) : 

2C7H0O + KOH = C.HgO + KC7H5O2* 

2 . From toluene, by converting that compound into benzyl 
chloride, C^H^Cl, by the action of chloiine at high temperatures 
(p. 764), and distilling this chloride with potasli : 

C-H.Cl + KOH = KCl + CVH 7 OH. 

3. Together with other products, by the action of nascent hydro- 
gen on benzoic or hippuric acid. 

Benzyl alcohol is a colourless, strongly refracting, oily liquid, 
having a specific gravity of 1-051 at 14'^, and boiling at 2()6-5°. It 
is insoluble in water, but soluble in all pi-oportions in common 
alcohol, ether, acetic acid, and carbon bisulphide. By oxygen in 
presence of platinum black, or by nitric acid, it is converted into 
benzoic aldehyde; by a<jueous chromic acid, into benzoic 
acid : 

C.H-.CHoOH + O - H^O + CejH.,.CHO. 

and C^jH^.CH^OH + Og - ILjO + CcHfi.CO(OH). 

Heated with boric oxide, it is converted into benzvl oxide, 
O 7 H 7 OCJ.H 7 , or (C 7 H ^),,0 : 

2 C,H,(OH) - ILjO = (CrHr),0. 

Strong hydrochloric acid converts it into benzyl chloride, 
C 7 H.j^C 1 (p. 764). Distilled with acetic acid and strong sulphuric 
acid, it is converted into benzyl acetate, 07117 ( 0021130 ), a liquid 
having an odour of pears, and boiling at 210 °. 

Xylyl Alcohol, OgHioO = C^R^{Oll) = O 7 H 7 .OH 2 OH, or 
CoH 4 (OH 3 ).On 20 H ; also called Toluylic alcohol. — The formation 
of this compound is exactly analogous to that, of the preceding, viz. : 
1 . Together with toluic acid (O^^Og), by the action of alcoholic 
potash on toluic aldehyde (OgHgO;. — 2 .. By distilling xylyl chlo- 
ride (p. 766) with potash. It is a white crystalline body, which 
melts between 58*5° and 59-5°, and boils at 217^. Nitric acid con- 
verts it into toluic aldehyde. 

Xylyl chloride, C 9 H 9 OI, is obtained, as already observed, by the 
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action of chlorine on xylene- vapour at high temp(u*atures ; and 
this chloride, treated with potassium sulphydrate and potassium 
sulphide, yields xylyl sulphydrate, C8Hy(SH), and xylyl 
sulphide, 

Oymyl Alcohol, aoH^^O = OioH.3(OH)«CgHii,CH20H, 
also called Cumylic Alcohol . — This alcohol, discovered by Kraut, is 
produced, together with cuinic acid, CioHjgOg, by the action of 
alcoholic potash on cuniinic aldehyde : 

2 C 10 H 12 O + KOH = CVI 11 KO 2 + 

It is d colourless Ihjuid, boiling at 243°, insoluble in water, 
soluble in all proportions in common alcohol and ether. Nitric 
acid converts it into cuinic acid. Boiled with alcoholic potasb 
it is converted into potassium cumatc and cymene: 

^Cyii.O + KOH = CjoH^iKOg + + 2H,0. 

Hydrochloric acid gas converts it into cymyl cliloride, 
C,oH,3C1. 

Sycoceryl Alcohol, Ci,H.oO=a 8 H 2 o(OH)-Ci 7 H 2 rX^HpH. 
— This compound, discovered Cy I)e La Rue and Muller, is "pro- 
duced by the action of alcoholic soda on sycoceryl acetate (a crys- 
talline substance extracted from the r(‘siji oi IHc'iis rnhiyi7iosa)fand 
purified by precipitation with water or by crystallisation from 
common alcohol. Tt forms very thin crystals resembling cafleine, 
and melting at 90° to a Ihpiid heavier than water. Tt is slowly 
attacked by dilute nitric acid, yielding a crystalline mass aj)pa- 
reutly consisting of a mixture of sycoceric acid, C\sH 2802 , and 
nitrosycoceric acid, C38H27(N02)02. Boiled with dinite acpicous 
chromic acid, it yields thin prisms, probably of sycoceric alde- 
hyde, Cj 8H^.8^' With acetyl chloride, it forms crystalline syco- 
ceryl acetate : 

+ Cl^H^OCl - HCl + C38IL90C2H30. 

With benzoic acid it yields, in like manner, sycoceryl benzoate, 
CjgHgoOCyH.O, which crystallises in prisms from solution in ben- 
zene or chloroform. 

The rosin of Ficus rnhiginosa, an Australian plant, is resolved 
by treatment with alcohol, into about 73 per cent, of sycoretin, 
soluble in cold alcohol, 14 per cent, of sycoceiyl acetate, soluble iji 
hot alcohol, and 13 per cent, of residue, consisting of caoutchouc, 
sand, and fragments of bark. Sycoretin is ap amorphous white 
neutral resin, very brittle, and highly electric ; it melts in boiling 
water to a thick liquid which floats on the surface. It dissolves 
easily in alcohol, ether, chloroform, and oil of turpentine. 
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PHENOLS. 

Phenol, CoHoO — CgHr^OH. — Phenyl alcoholj Phenic acidy Car- 
bolic acid, Coal-tar creasote , — This eoinpound is produced : 1. By 
the action of nitrous acid on aniline (ainidoheiizene): 

CoHjCNH^) -I- NO(OH) = Cyi,(OH) + H,0 + N.,. 

2. By the dry distillation of salicylic acid : 

QH«03 = CO, + 

It may he conveniently prepared hy heating crystallised salicylic 
acid strongly and quic.kly in a glass retort, either alone or mixed 
with pounded glass or (piicklime. Phenol then passes over intt> 
the receiver, and crystallises almost to the last dro]). 

3. Phenol is j)rodu(*.e(l in the dry distillation of coal, and forms 
the chief constituent of the acid jiortion of coal-tar oil ; this is 
the source from which it is most frequently obtained. Crude 
(ioal-tar oil is agitated with a mixture of slaked lime and water, 
the whole lieing left for a considerable time ; the aqueous liquul 
is then 8ei)arated from the iindissolved oil, decomjiosed by hydro- 
chloric acid, and the oily j)roduct thus obtained is purified by 
cautious distillation, the first thii*d only being collected. Or the 
coal-tar oil is subjected to distillation in a retort furnished with a 
thermometer, and the portion which passes over between the tem- 
perature of 150° and 200° is collected a])art. This j)roduct is then 
mixed with a hoi., strong solution of caustic potash, and left to 
stand, whereby a whitish, somewhat crystalline, ])asty mass is 
obhiiiied, which by the action of water is resolved into a light oily 
licjuid and a dense alkaline solution. The latter is withdrawn by 
a siphon, decoiJiposi*d by hydrochloric acid, and the separated oil 
purified by contact with calcium chloride, and redistillation. 
Lastly, it is exposed to a low temperature, and the crystals formed 
are drained trom the mother liquid, and carefully preserved from 
the air. 

Pure phenol forms long, cohmrless, prismatic needles, which melt 
at 35° to an oily liquid, boiling at 180°, and greatly resembling 
creasote* in many jiarticulars, having a very penetrating odour 
and buniing taste, and attacking the skin of the lips. Its sp. gr. 
is 1'065. It is slightly soluble in water, freely in alcohol and 
ether, and has no acid reaction to test-paper. The crystals absorb 
moisture with avidity, and liquefy, t It coagulates albumin, and 
is a powerful auUseptic, preserving meat and other animal sub* 
stances from decomposition, and even removing the fetid odour 
from them after they have begun to putrefy. It has also been 

A considerable portion of tlie creasote of commerce con.sists of phenol 
or carbolic acid, more or less pure. 

t Phenol prepared from salicylic acid is much less deliquescent than that 
obtained from coal-tar. 
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successfully used by Mr Crookes for destroying the infection ol 
cattle plague. Sulphur and odine dissolve in it; nitric acid, 
chlorine, and bromine attack ii with energy, forming substitution- 
products, all of which are of acid character: tlius with'chlorine it 
tonus the two compounds, CgH4CLO and CQH3CI3O; and with 
nitric acid the three products, CgH^/NOg)©, Ccil4(N02)20, and 
^2)3^’ 

With sul])huric acid, phenol forms sulphophenic acid, 
C^HgSO^, or (.\.Il50S03H, which assumes a syrupy state in a dry 
vacuum. This acid is to a certain extent analogous in composi- 
tion to ethylsuli)huric acid, and forms a soluble barium salt, which 
crystallises from alcohol in minute needles. 

Plienol dissolves in alkalis, forming salts called j>henate8, 
which, howev(;r, are ditficult to obtain in definite form. PotciHsium 
phenate^ obtained by heating phenol wdtli potassium, or 

with solid potassium liydrate, crystallises in line white needles. 
On heating this potassium-compound wdth iodide of methyl, ethyl, 
or amyl, double ethers are produced — viz., methyl-] dienate, or 
aiiisol, CjjUgOCH^ ; ethyl-phenatc, or phenetol, and 

amyl-i)henate, or jjhenamylol, These bodies re- 

semble the mixed ethers of the ordinary alcohols (p. 581) in com- 
position and mode of formation, but differ greatly from tliem in 
their behaviour with sulphuric and nitric acids, with which in fact 
they behave just like phenol itself, forming substitiition-i>roducts 
possessing acid properties. 

Methyl phenate^ or A7iisoL C^HgO = is also pro- 

duced, with evolution of carbon dioxide, by tlie dry distillation of 
methyl salicylate, CyJIgOg.CyHg, just as phenol is obtained from 
salicylic acid or hydrogen salicylate, : 

C , H ,(\, CH , = CO , + 0,11,0.0113. 

In the same manner also may ethyl phenate and amyl phenate be 
obtained from the corresponding ethers of salicylic acid, 

Anisol is a colourless, very mobile liquid, having a pleasant 
aromatic odour, a specific gravity of ()‘091 at 15°, and boiling with- 
out decomposition at 152°. It dissolves completely in strong sul- 
phuric acid, forming sulj^hanisolic acid, 07HgS04. Fuming 
nitric acid acts strongly on anisol, forming three substitution -pro- 
ducts, each of which when treated with a reducing agent, such as 
ammonium sul|)hide, yields a corresijoiiding basic amido-com- 
pound ; thus, 

C^II^(N0,)0 Crn^(NU,)0 

Nitranisol. Nitranisidine. 


C,H«(N02)20 

Dinitranisol. 


CrH,(NH,),0 

Dinltranisidine. 


C,H,(N02)30 

Trinitranlsol. 


C,H 3 (NH 2)30 

'riinitranisidine. 



794 


i^OMATIO GllOUP : ALCOHOLS AND KTHEUS. 

No such substitution-products are ol)tained from the mixed or 
compound ethers of any primary alcohol. 

Phenol, *dis tilled with phosphorus pentachloride^ yields a distil- 
late containing a small (puintity of phenyl chloride or chloro- 
benzene, C^jHgCl (p. 759 ), and a residue containing a Iriphenyl 
phosphate, (CgH5)3P04, or diphenyl pliosphate, (fLIl5)5jHP04 ; but 
the conditions under which one or the other of these compounds 
Ls formed have not been exactly determined. 

With benzoic chloride^ jdienol yields a white, fusible crystalline 
compound consisting of phenyl l>enzoate, or benzoyl phenol : 

Ct.H^(OH) + CVH5OCI = IICl + C0H.OCVH5O, 

Phenol, heated for a long time with ammonia and sal ammoniac 
in scaled tubes, is partly converted into aniline, CgH^N. 

Chlorophenols. — Monochlorophenol has not been obtained. 

Dichloropthenol^ or Chlorophenesic acid, (J,.H4Cl20, is produced by 
the comparatively feeble ac/tion of chlorine on phenol, but is best 
obtained by the dry distillation of dichlorosalicylic acid. It is a 
volatile oil, insoluble in water, easily soluble in alcohol or 
etlier. 

Trichloropheyiol, or Chlorophenisic acid^ CjjIfjCl^O, is tlie prin- 
cipal ]>roduct of the action of (dilorine or phemd. It may be con- 
veniently jnepared from those portions of crude coal -oil which 
boil between 182 ° and 204 °. The oil is saturated with chlorine, 
and distilled in the open air. the first and last, portions being 
rejected ; and the ]>roduct is again treated with chlorine until the 
whole solidifies. The ciystals are drained and dissolved in hot 
dilute solution of ammonia ; on cooling, the sparingly soluble 
ammonium chlorojihenisate crystallises out. This is dissolved in 
pure water, decomposed by hydrochloric acid, washed, and lastly 
distilled. 

Chlorophenisic acid forms exceedingly fine, colourless, silky 
needles, which melt when gently heated : it has a very penetint- 
ing, persistent, and characteristic odour, is very sparingly soluble 
in water, but dissolves freely in alcohol, ether, and hot conceii- 
trated sulphuric acid. It sublimes slowly at common tempera- 
tures, and distils with ebullition when strongly heated. It forms 
well-defined salts, the gtmeral formula of which is C-H^MClgO. 
When treated in alcoholic solution with excess of chlorine, it is 
converted into peuluchlorophenol, or chloropheimsic acid, C^HCl^O, 
which is also crystalline. 

Bromophenols. — Three bromophenols have been obtained — 
viz., C<^H-BrO and C^HiBr^O, by distillation of nionobromosali- 
cylic and dibromosalicylic acids; and 0gH3Br30 by the action of 
bromine in excess on phenol. The first is liquid ; the other two 
are crystalline. 
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lodophenols, CgH^JO, C^H^IO, and C^-HglaO, are produced by 
the action of iodine-chloride on phenol. 

Monoiodophenolj CgH^IO, )r C 0 H 4 (OH)I, is known in three 
modifications, depending on the relative jiositions of the I and 
OH, namely, ortho (1 : 2), meta (1 : 3), and para (1 : 4) ; and 
each of these is converted by fusion with i)otash into the 
corresponding modification of the diatomic phenol, C^jH^Og or 
CgH 4 (OH)(OH) — namely hydroquinone (1 : 2), pyrocatechiii 
(1 : 3), and resorcin (1 : 4). 

The chloro-, broino-, and nitro-phenols exhibit similar modifica- 
tions, which in the higher substitution-products may be very 
numerous : great progress has lately been made in the study of 
these isomeric bodies, but the descri 2 )tion of them is altogether 
beyond the limits of this work.* 

Nitrophenols. — Three of these compounds are known, all of 
acid character. 

Mmionitnyphenol^ or Nitrophenasic acid^ CQn.(N0«)0, is obtained 
by distilling j^tieiiol with very dilute nitric acid, in beautiful 
yellow neetlles, soluble in ammonia and potash, and yielding a 
beautiful red silver salt, CeH 4 Ag(N 02 ) 0 . 

Dinitrophe/nol^ or Nitropimtefiic acid, CtjH 4 (N 02 ) 20 , may be pre- 
pared directly from the oil which Is emploj*ed in the preparation 
of mononitrojihenol. The oil is carefully mixed in a large open 
vessel with rather more than its own weight of ordinary nitric 
acid. The action is very violent. The brownish-i’cd substance 
produced is slightly washed with water, then boiled with dilute 
ammonia, and filtered hot. A brown mass remains on the filter, 
which is preserved to prej)are trinitrophenol, and the solution 
deposits on cooling a very imjmre ammoniacal salt of nitrophenesic 
acid, which requires several successive crystallisations, after which 
it is decomjjosed by nitric acid, and the product is crystallised 
from alcohol. 

Nitrophenesic acid forms yellow prismatic crystals, very spar- 
ingly soluble even in boiling water, but freely soluble in alconol. 
It has no odour. Its taste, at first feeble, becomes after a short 
time very bitter. It melts at 104% and crystallises on cooling. 
In very small quantity it may be distilled without decomposition, 
but when briskly heated it often detonates, but not violently. 
The salts of this acid are yellow or orange, and very beautiful ; 
they are mostly soluble in water, and detonate feebly when heated. 

Trinitrophenol, or Nitrophenisic acid — ^genercallycalledPfc- 
ric acid, and sometimes Garbazotic acid, C 0 H 3 N 3 O^=CqH 3 (NO^) 3 O. 
— This acid may be economically jirepared from impure nitm- 
phenesie acid, or from the brown mass insoluble in dilute ammonia 

^ See Wattses Dictionary of Chemistry, Suppluiuent, article Phenol ; 
Armstrong (Cheni. Soc. Journal [2], ix, 1112 ; x. 17, 93) ; and numerous 
abstracts of foreign pax>ers in the same two volumes of that journal. 
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pa**fiej by a pirocess similar to that 
compound. It is also or 


em- 

r4aaifa.^ l.ITr.r compound. It is also one d 

of the acttpn of nitric acid upon indigo and 
2»«JliW ote«r sob^c^ as silk, wool, several resins, esi»cially 
HIW <tt AatUMrrm hastilts (yellow gum of Botany Bay), salicin 
•ao eome of its derivatives, coumarin, &c. It may l)e prepared 
itom ittuigo by adding that substance in coarse powder, and by 
sn^l proiK)rtion8, to 10 or 12 times its weight of boiling nitric 
acid of sp. gr. 1*43. Wlien the last of the indigo has been added, 
and the action, at first extremely violent, has become modemte, an 
additional quantity of nitric acid may be poured upon the niixture, 
and the boiling kept up until the evolution of red fumes nearly 
ceases. When cold, the impure picric acid obtained lay be re- 
moved, converted into potassium -salt, several times recrystallised, 
and, lastly, decomposed by nitric acid. In the pure state it forms 
beautiful pale-yellow scaly crystals, Init slightly soluble in cold 
water and of insupportably bitter taste. Picric acid is now exten- 
sively used in dyeing yellow. It fonns a scries of c.rystal Usable salts 
of a yellow or orange colour. The potassium salt, C(.H 2 K(N 02 ) 30 , 
forms brilliant needles, and is so little soluble in cold wtiter that 
a solution of picric acid is occasionally used as a precipitant for 
j)otassium. The alkaline salte of this acid explode by heat with 
extraordinary violence. 

Picrates of Hydrocarhov ^. — Picric acid affords characteristic 
reactions for the detection of certain hydrocarbons. For this i)iu’- 
pose it is convenient to use an alcoholic solution of the acid satu- 
rated at 2(P-30°, and either — (1) add the hydrocarbon to the cold- 
saturated alcoholic solution; or (2) mix the picric acid solution 
with a hot alcoholic solution of the hydrocarbon; or (3) dissolve 
the hydrocarbon, with aid of heat, in tlie picric acid solution. The 
following combine under these circumstances wuth picric acid : 
Naphthalene is the only solid hydrocarbon whose cold-saturated 
alcoholic solution is precipitated by picric acid. The compound 
forms delicate stellate groups of yellow needles, easily soluble in 
alcohol. Retene^ treated by metho<l 2 or 3, forms similar needles of 
an orange-yellow colour. Anthracene also forms rul)y-coloured 
needles still more soluble than the preceding ; the red alcoholic 
solution is decolorised hy addition of a little more alcohol. Other 
hydrocarbons contained in crude anthracene exhibit the same 
reaction, which appears to l3e peculiar to anthracene and its homo- 
logues. They may be distinguished from one another by the 
appearance ol’ the precipitates under the microscope. 

When a solution of picric acid is distilled with calcium hypo- 
chlorite, or a mixture of potassium chlorate and hydrochloric acid, 
an oily liquid of a penetrating odour is obtained, having a sp. gr. 
of 1*665, and boiling between 114° and 115°. This substance, 
chloTopicriny has the compositioii CNOgClg, which is that of chloro- 
form, CIICU, bavin 2 the hvdro 2 en reulaced by nitrvl. Bromo- 
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piirin, CNOaBrg, is obtained in like manner by treating picric 
acid with caicium hypobromite. 

Oresol, C7H80=CgH4(CH3)(0H). — This compound, metamerio 
w iilv benzyl alcohol, and with anisol, is susceptible of three iso- 
meric modifications, depending ou the relative positions of the 
radicals CHg and OH : viz., 

CeHHHH(OH)CH3 C8H(OH)HHH(CH3 CeHH(OH)HH(CH3) 

Ortho-cresol. Mcta-cresol. Pnra-crcsol. 

^ aracresol and orthocresol (also called ce> and /3 cresol respec- 
tively) are obtained by fusing the jiotassiuni salts of the cor- 
responding modifications of toluene-sulphuric acid Avith i)otassiuni 
liydrale : 

C 7 H 7 SO 3 K + KOH = SO 3 K 2 + OyH^O; 

also by treating the corresponding toluidines with nitrous acid, 
whereby they are (touA^erted into diazotoluenes, and de- 

composing the latter with water : 

CyHyNHo + NO,H = + ^ILO + N,, 

and 

CyllgNa + H3O = C.HgO + Ng. 

Paracrcsol (oc cresol) exists, together with phenol, in the so- 
called coal-tar creasote, and is separated by fractional distillation. 
It is also contained, together with ])henoi and other compounds, 
in the Uir of pine-wood, and is obtaineil therefrom bj^ treating the 
oil which passes over in distillation between 15(P and 220^ Avith 
weak soda-ley to separate hydrocarbons, supersatuiating the alka- 
line liquid with sulphuric acid, and repealing the tivatment with 
soda-ley and sulphuric acid, till the oil becomes perfectly soluble 
in the alkaline Ihpiid. The oil thus obtained is a mixture of 
phenol and cresol, Avhich are separated by fractional distillation. 

Metacresol (or y cresol) is obtained by heating thymol with 
phovsphoric anhydride. Metacresol-phosphoric acid is thereby 
formed, and this, Avhen decomposed % fusion with potash, yields 
metacresol. 

The three modifications of cresol are transparent, colourless 
liquids, having a phenolic odour. Paracresol boils at 198^-200®, 
metacresol at 195°~200^, orthocresol at 189°. The first solidifies 
in a freezing mixture to a crystalline mass ; the other two remain 
liquid. All three are slightly soluble in water, and mix in all 
proportions with alcohol and ether. With potassium, phosphorus 
pentachloride, nitric acid, and sulphuric acid, they act in the same 
manner as phenol, forming analogously constituted comj)onnds. 
Trinitro-paracresol^ or trinitro-pa^ipi^esylic acid, C^H£(N 02 ) 30 , 
crystallises in yellow needles like picric acid. The red powder 
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known in commerce as Victoria-yellow^ or Aniline-orangej is a salt 
oi diniiro-paracresol. 

XSiglit-carbon Plienols, CsH^qO. — T his formula includes 
two ]^enols metameric with xylyl alcohol, viz. : 

Dimethyl-plienol, .... C^,H 3 (CH 3 )oOH 

Ethyhpheiiol, CgH4(C2H650H . 

Dimethyl-phenol, or xylenol, is produced by fusing the 
potaSsium-salt of xylyl-sulpluirous acid, CgllgSOgK, with potas- 
sium hydrate. On decoini)osing the resulting mass with hydro- 
chloric acid, digesting with ether, and distilling, a liquid passes 
over at 210®, which, when exposed to a winter temperature, 
separates into two isomeric modifications, one crystalline, the 
other liquid. The solid modification is likewise obtained by fus- 
ing the potassium-salt of oxymesitylcnic acid with potash : 

+ H,0 = CO 3 K, + 

Solid xylenol melts at 75® and boils at 213*6®; the liquid modifi- 
cation boils at 21 1*5®. 

A xylylic phenol is mentioned by Dr Hugo Muller as occurring 
in coal-tar; this is probably also a dimethyl -phenol, inasmuch as 
products of destructive distillate have hitherto been found to yield 
only methyl-derivatives of benzene. The portion of aloisol (a 
product obtained by distilling aloes with lime) which is soluble 
in jjotash, has the composition of a xylylic phenol, and is perhaps 
identical with the preceding. 

Phlorol, an oily licpiid obtained by the dry distillation of 
the barium salt of phlorctic or oxethyl-benzoic acid, or 

C»H 4 (OC 2 Hr,).COOH, is metameric with xylenol, and consists of 
etnyl-phenol, its formation being rei)re8ented by the equation : 

C,H,(OC\lI,).COOll = CO2 + C.U^OCJtl,), 

Phloretic acid. Phlorol. 

Phlorol is a colourless, strongly refracting oil, having a specific 
OTavity of 1*0374 at 12®, and boiling between 190^ and 200°. It 
dissolves in strong sulphuric acid, forming a sulpho-acid which 
yields a soluble barium salt. With chlorine it forms a substitution- 
product. It reacts violently with strong nitric acid, forming the 
compound CgH 7 (N 02 ) 30 . 

Ten-carbon Phenols. — The formula CiqHj^O may evi- 
dently include a considerable number of phenols metameric with 
cymyl alcohol (p. 791), but only two of these are known, both of 
which are ciilled thymols, ^nd distinguished by the prefixes 
a and 



PHEXOLS. 


799 


a Thymol exists ready-formed in the volatile oil of thyme, 
liorse-mint, and Ptychotis Ajoivan^ an East Indian plant It 
crystallises in transparent rhomboidal plates, melting at 44°; it 
has a mild odour, peppery tas ^ and hails at 22(f. 

./3 Thymol is produced by fusing the potassium salt of cymyl- 
sulphurous or sulphocymolic acid with sodium liydrate, dissolving 
the fused mass in water, acidulating with sulphuric acid, and 
distilling in a current of steam ; it then passes over as a yellowish 
viscid oil, lighter than water, which cannot he solidified either by 
cooling or by contact Avith a crystal of cc tliyniol. ot Thymol dis- 
solves easily and conipletcdy in strong sulj)liiiri(i acid at 40^-50°, 
and the solution does not become turbid on dilution with water, 
because the thymol has been converted into an easily soluble 
sulpho-acid. /3 Thymol likewise dissolves easily in strong sul- 
phuric acid, but only a small i)ortion of it is thereby converted 
into a siil 2 :)ho-acid, even at 100 °; and on addilioii of water, the 
greater jiart of the oil separates out unaltered. The arjiieoiis 
solution neutralised with barium carbonate yields a barium salt 
Ba(CioHj 3 S 04 ) 2 , which crystallises in anhydrous needles. /3 Thy- 
mol dissolves easily in alkalis, and is ijrecipitated therefrom by 
acids. 


ct Thymol heated with jihosjdioric anhydride is very easily and 
coiiijdetely resolved into i>roj\ylene and ycresol (p. 797), the latter 
remaining in combination with phosidioric acid, ec Thymol is 
therefore projiyl-eresol, that is to say, i)ro])yl-methyl- 2 >hen(>l, 

C,H 3 ( 0 H) j , and as cymenc is pro j>y 1 -methyl- benzene, it 

follows that B thymol has also tlie constitution of j)ropy 1 -methyl- 


phenol. Probably one modification (•.ontains noinial ])ropyl, and 
the other isopropyl. 

Methyl-thymoly C 10 IL 3 OOH.J is obtained by heating an alcoholic 
solution of tliymol and i)utassium hydrate with methyl iodide ; 


C10H13OH + KHO + CII3I == K 1 -f H2O + C,, 11,300113. 


Ethyl- and Amyl-tlujiml are obtained in like manner; henzoyl- 
thymol^ CjQH, 3 (OCjrH^O), by heating thymol with benzoyl chloride. 
Ail tliese compounds are volatile oily Ihtuids, having an aromatic 
odour. 

tfft Thymol treated with bromine in sunshine yields penta- 
bromothymol, CioHgBr^O, and with chlorine^ C,oH|iO ]30 or 
accordingly as the rea(;tion takes place in the shade or in 
sunshine ; both of these, as well as the bromine-compound, are 
crystalline. 

There are two iiitro thymols. 0 ,QH, 2 j[N 02)20 and 
CioH,i(N 02 ) 30 , obtained by the action of nitric acid on thymol- 
sulphuric acid. Both form potassium salts, which crystallise in 
yellow or orange-yellow needles. 
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2. Monatomic Alcohols, CnH 2 n— sO, or CnH 2 n— 9 (OH) . 

Oinnyl Alcohol, Styryl Alcohol, or St3rrone, CgHjoO, or 
CglTjOH, is obtained by heatinj? styracin or ciimyl cinnamate 
C9H5,(0C9H,0), (a compound ccmtained in liquid storax and in 
balsam ot Peru), with caustic alkalis. It crystallises in soft silky 
needles, having a sweet taste and an odour of hyacinths, melting 
at 33°, and volatilising, without decomposition, at a higher tem- 
perature. It is moderately soluble in water, freely in alcohol and 
ether. By oxidising agents it is converted into cinnamic 
aldehyde, and cinnamic acid, C^H^Oo, being related 

to those compounds in the same manner as ethyl alcohol to acetic 
aldehyde ancl acetic acid. With fuming ml'phuric acid it ibrms a 
sulpho-acid, CqHiqSO.j, the barium-salt of which is •soluble in 
water. 

Chlolesterin, ^ product of the animal organisation, 

is homologous with cinnyl alcohol, and has the characters of amoini- 
toniic alcohol. It is found in small (juantity in various parts of 
the animal system, as in the bile, the brain and nerves, and the 
blood : it forms the chief ingredient of biliary calculi^ from which 
it is easily extracted by boiling the powdered gall-stones in strong 
alcohol, and filtering the solution while hot; on cooling, the 
cholesterin crystallises in brilliant colourless jdates. It is a fatty 
substance, insoluble in water, tasteless and inodorous : it is freely 
soluble in boiling spirit and in ether, and crystallises from the alco- 
holic solution in beautiful white laminoe having a mother-of-pearl 
lustre. It melts at 137°, and sublimes at 200° 

Heated with strong sulphuric aci<l, it gives up Avater, and yields 
a resinous hydrocarbon, C 26 ll 4 ^- With nitric acid it yields choles- 
teric acid, f'gllioO^,, together with other ]>roduct,s. With chlorine 
and bromine it forms substitution-products. Heated to 200°Avith 
acetic, butyric, benzoic, and stearic acids, it forms compound ethers, 
thus : 

C!^H,3(0H) + C,3H3,0(0H) = C„«H,,,(0C^3n3.,0) + H,0. 

Cholesterin. Stearic acid. Cliolcstfiyl 

stearate. 


3. Monatomic Alcohols, CnH2n—20, or CnH^n—sOH. 

Only one alcohol of this series is at present known, viz. : 
Camphol, CioHigO = 

Of this compound there are several physical modifications, dis- 
tinguished from one another by their action on polarised light. 

One variety, called Borneolj or Borneo camphor^ is obtained from 
Dryabalanops Camphora^ being found in cavities of the trunks of 
old trees of that species. It has a dextro-rotatory power = 34*4°. 
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A second, having a dextro-rotatory power of 44*9°, is produced, 
together with camphic acid, by the action of alcoholic potash on 
common camphor, to which indeed camph(d bears the same rela- 
tion that ethyl alcohol bears to aldehyde : 

2C,oH,„o + 11,0 = Cijr.gO 4- 

Camphor. Camphol. Camphic acid, 

A third variety, possessing a dextro-rotatory power of 4*5°, is 
obtained by distilling amber with potash ; and a fourth, called 
liBVO-camphol^ which has a Isevo-rotatory power of 33*4° (e(|ual and 
opposite to that of borneol), is found in the alcohol produced in 
the fermentation of sugar from madder-root. 

Dextro-rotatory caniiihol, both natural and artiticial, forms small 
transparent, colourless crystals, appareiitly having the form of 
regular hexagonal prisms, insoluble in water, very soluble in 
alcohol and ether. It melts at 198°, and boils at 212°, distilling 
without alteration. Lmvo-rotatory cam})h()I forms crystalline 
lamhue, or a white j>()wder, sparingly soluble in water, easily in 
acetic acid, alccjhol, and ether. Both varieties smell like pepper 
and common c*vamphor. 

Oamphol distilled with phosphoric oxide gives up water, and 
yields a hydrocarbon, isomeiic with tuipentine oil. When 

boiled with nitric acid, it gives off two atoms of hydrogen, and is 
reduced to the corresponding aldehyde, viz., common or laurel 
camphor, which is dextro- or Irovo-rotatory, according to 

the variety of camphol used. With other acids, camphol behaves 
like alcohols in general, forming ethers : thus, when heated in a 
sealed lube with strong hydrochloric acid, it I'ornis camphyl 
chloride, a crystalline la?vo-rotatory substance iso- 
meric with hydrochloride of turpentine oi 1, (p. 780). 

With benzoic acid camphol forms camphyl benzoate, 


Diatomic Phenols or Oxyphenols, CnH2n— 0O2. 

There are ten known compounds included in this general for- 
mula, namely ; 

riydr()(juinone — Pyrocatechin — Eesorcin, . . 

Salegenin — Ily drotol uq uinone — Orcin — Guaiacol , . HgOg 

Creosol — Veratrol, ....... Cgll^oOg 

Hydrothymoquinone, ^10^1402 

Six-carbon Oxyphenols. — The three compounds repre- 
sented by the formula CgH^Oo or 0^114(011)2 differ from one another 
by the relative positions of the two groups OH in the molecule, 
these positions being most probably represented by the following 
formulie ; — 

3 E 
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Hydroquinone 
OrtJio (1 : 


Pyrocatechin 
Meta a : 3). 


Resorcin 
Para (1:4). 


They are formed from the eorrespoiuliii^ moiioiodophenols, 
hy fusion with caustic alkalis (j». 71)5). 

Hydroquinone is also produced: 1. From qtiinone, Cgll^Og, 
hy direct assimilation of 2 atoms of hydrogen, as when a solution 
of quiiione is treated with hy<lriodic acid, iodine being then set 
free, or with sulphurous acid. 2. Together with benzoic acid, 

t lienol, and other products, by the dry distillation of quinic or 
inic acid, C^HjoOg. It forms coloiu*less, six-sided, ])rismatic 
crystals, neutral, destitute of taste and odour, fusible, and easily 
soluble in water and in alcohol. When j)assed in the state of 
vapour through a red-hot tube, it is revolved into qiiinone and 
hydrogen. Treated with oxidising agents, such as chlorine- water, 
ferric chloride, silver nitrate, and chromic acid, it is converted 
into (juinhy drone, 0^2Hio^^4 (sometimes called green hydro- 
quiiione). This substance, which may be regarded as a compound 
of (piinone and hydroijuinone, CbH402-i-^oH(A2, is also produced 
by the incomplete action of sulpliurous acid upon (juinone, and 
by mixing together the solutions of quinone and hydroquinone. 
It forms slemler green crystals, having the colour of the wing- 
cases of the rose-beetle, and of the greatest beauty and brilliancy. 
It is fusible, has but little odour, and dissolves freely in boiling 
water, crystallising out on cooling. 

Ciuinone, obtained, as above stated, by elimination 

of hydrogen from hydro< juinone ; als^by heating quinic acid with 
a mi.xture of manganese dioxide and sul2)huric acid : 

+ O2 - + CO2 + 4H2O. 

It is a very volatile substance, giving off a vapour extremely 
iiTi til ting to the eyes. It forms crystals, both by sublimation and 
by solution in boiling water, melts at a gentle heat, crystallises on 
cooling, stains the skin permanently brown. 

When quinic acid is distilled with manganese dioxide and 
hydrochloric acid, an iicid litiuid and a crystalline sublimate are 
produced. Tlie former is a solution of formic acid, the latier 
a mixture of chlorinated derivatives of quinone, viz., CgHoClOo, 
Cj.H(d30.2, and 0^,0140.2* They ai*e yellow crystalline 
substances, which may be separated by their different degrees of 
solubility in alcohol. By reducing agents, especially by aul- 



DIATOMIC PHENOLS. 


803 


pliurous acid, they are converted into the corresponding chlorinated 
hydroquiiiones, C^H^C^lOg, CqH^CIjjOo, &c. 

Quinoiie treated with chlorine yiekls, as final product, hexchlo- 
robenzeiie, the 2 at<‘ is of oxygen in the molecule 

being replaced by 2 atoms oi chlorine. This shows that the two 
oxygen-atoms in <iue8tion are linked together so as to form a 
bivalent group (O — O)": if they were not thus connected, but 
each had its two units of affinity free, the 2 atoms of oxygen would 
be replaced by 4 atoms of chlorine, and the final i)roduct would 
be a compound which iloes not appear to exist. Hence the 

formation of ((uinone from h^roquinone consists in the elimina- 
tion of the hydrogen from each of the two groups OH, and the 
linking together of the two oxygen-atoms, thus — 



Tlydroquiuone. 


Qulnone. 


Of the three diatomic phenols, QH^O.^, hydrocpiinone, pyro- 
catechin, and resorcin, hydroquinone is tlie only on<», that is con- 
vertible into quinoiie. Now, as the Jinking together of the 
oxygen-atoms in the manner just described may be exj)ec4ed to 
take place with greater facility the nearer they are togetlier, it is 
inferred that in hydrotpiinone the two groiij)s OH are attaclied to 
contiguous carbon-atoms; in other words, that hydiDcpiiiione is 
the ortho-modificatioii of oxyplienol. 

Pyrocatechin, or Meta-oxyphenol, is produced by heating 
oxysalicylic aci<l, C^H^Oj,. to 210-212°, just us ])henol is pro- 
duced from salicylic acid ; (^Il^jO^ = ; also, as 

already observed, by the action of alJcalis on ineta-iodophenol. 
It is likewise formed by the dry distillation of catechin (a sub- 
stance obtained from cateclni), of morintannic a(iid (the yellow 
colouring matter of Moras tinctoria\ and of woo<l, wlience it is 
found in wood-vinegar : it does not occur in coal-tar. It is a 
white crystalline body, which melts at 111° or 112°, and volatilises 
oven at lower temperatures. It has a bitter taste, and scarcely 
reddens litmus. In contact with hydrochloric acid it colours 
fir-wood violet. It dissolves in water, alcohol, and ether. The 
fi<|ueous solution forms a white precipitate with lead acetfite, and 
colours ferric salts dark green. Nitric acid acts upini it with 
violence, fonning oxalic acid and a small (^uaniity of a yellow' 
nitro-compound. With aceti/l chloride and benzoyl chloride it forms 
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Ibe conipounas CrtIIi((\n30)03 and Cf,n^(CfH^ 0 ) 0 ^ both of 
whicli are crystiilline. 

Resorcin, Co(OH)HH(OH)Ha, is produced by the action ol* 
melting potash on pani-iodopheuol, also by the same mode of 
action, fi’om galbanum, asafa3tida, gum ammoniacum, and several 
other resins?. It is very soluble in water, alcohol, and ether, and 
cr3’'stallise8 from very ccincenimteil solutions, in prisms belonging 
to the trimetrlc s^^stein, colourless at first, but afterwards becoming 
reddish. It melts at 99 °, and boils at 271 °, distilling almost without 
residue. Its vapour exhibits the normal condensation : observed 
vapour-density^, 4 - 1 ; calculated, t 8 . Its aqueous solution is 
coloured violet by ferric chloride and by chbuide of lime, and 
reduces silver nitrate and an alkaline cupric solution, throwing 
down cuprous oxide in the latter case. Resorcin forms a triln*o- 
minated compound, CtjH3Br30.>, which crystallises in interlaced 
needles ; a triacetvl compound, C^jH3(C.dl30)302, and two benzoyd- 
derivatives, and C^Hs(CrHrP):i02. 

Seven-carbon^Oxyphenols, — These bodies are 

derived from toluene, by substitution of (011)2 5 

in this way three metameric bodies may be formed ; viz. : 

Cell,. CH(0II)2 CoH,(On). CII2OH C,H3(0H)2. CH3 . 

The first, which has not yet been obtained, is analogous to the 
true diatomic alcohols or glycols, ha\dng both its hydroxyl-atoms 
in the alcoholic place : it bears to benzyl alcohol, OqH,;. ( ?H20H, 
the same relation that ethene alcohol bears to ethyl alcohol. — Tlie 
second, called saligenin, belongs to a class of bodies called glyco- 
phenols^ having half their hydroxyl in the alcoholic, tlie other half 
in the phenolic place, so that they are intermediate between the 
true diatomic alcohols and the phenols. — The third, which is a 
true diatomic phenol, having both its hydroxyl -atoms in the 
phenolic place, is further susceptible of several isomeric modifica- 
tions, according to the relative positions of the two hy^droxyl- 
atoms and the methyl-atom in the molecule, C^HgOo. Two 
such bodies are actually known, viz., orcin and guaiacol, and a 
third, viz., hydrotoluoquiuoiie, by certain of its chlorine deriva- 
tives. 

Saligenin, CpH4(OH).CH2(OH), is obtained by the deconi- 
X)Osition of salicin, ^ crystalli sable bitter principle ob- 

tained from the leaves and yovmg bark of tlie willow and poplai*. 
This substance, under the influence of a peculiar ferment called 
emulsin, or synaptase^ obtained from sweet almonds, splits up into 
glucose and saligenin ; 

C13H1SO7 + H.p = CJI^^Oe -h C7H8O2. 

Saligenin forms colourless, nacreous scales, freely soluble in water, 
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alcohol, and ether ; it melts at 82 °, and decomposes at a higher 
temperature. Its aqueous soh ion gives a deep indigo-hlue colour 
with ferric salts. l 3 ilute acid, convert it, by abstraction of water, 
into a resinous substance, C^HgO, c.alled saliretin, which may 
also be produced from saliciu by l)oilirig with acids. 

Saligenin, treated with oxidising agents, as chromic acid or 
silver-nitrate, or exposed to the air in contact with platinum- 
black, behaves like a primary alcohol, giving up Hg from the 
grouj) CHjjOII, in excliange for O, whereby it is cojiverted into 
salicylol, or salicylic aldehyde, : 

Cr,H,(On).CH.jOII + = H2O + CJT^(OH),COII 

Saligenin. SalicyloL 

On the other han<l, when treated Avith benzoyl chloride, CyHrPn, 
it exclianges the liydrogen of its idienolic liydroxyl for benzoyl, 
and forms benzoyl-saligejiin : 

C^H^( 0 H).(^H 2 ( 0 H) + C.II,p.Cl =: HCl + 

c;.H4(0C7ir,p) . cii^oa . 

Hydrotoluquinone, CV,H3(OH)2.CIT3, the homologue of hydro- 
quinone, and the corresponding quinone, viz., toluquinone, 

( «H3(02y'.CH3, have not yet been obtiiined ; but the di- and tri- 
chlorotoluquinone, 0^11012(0)2''. CH.^ and (.^gC]3(02)". CH^, are 
])roduced ])y the action of hydrochloric acid and potassium chlorate 
on cresol, just as the chloiinated quinones of the benzene gi'oup 
are obtained from plienol. The tri chlorinated comiioimd forms 
yellow laminar crystals. Trkhloro-hifdrotohiqidnom^ OeCl3(OH)o. 
OH3, obtained by heating tri chloro toluquinone Avith aqueous sul- 
phurous acid, crystallises in colourless needles. 

Orcin, probaldy homologous Avith pyrocatechin, appears to 
exist ready -fonued in all the lichens {Lecanora iartarea^ Roccella 
tinctoria, Variolaria orcindy &c.) Avhich are used for the pre- 
paration of archil and litmus ; and is tlje general product of 
the decomposition of certain acids extracted from those lichens 
(orsellinic acid, erythric acid, &c.) under the influence of heat or 
of alkalis. Orsellinic acid, Avhen boiled Avith baryta- 

Avater, sjdits ujj into carbon dioxide and orcin, CjjIIg04 == COg + 
(JyHgOg, just iivS the homologous acid, oxysalicylic acid, C;.Hq 04, 
s])lits up into COg and pyrocatechin, C^jHqOo. To ohtiiin the orcin, 
excess of baryta is preeijutated from the liquid by carbonic acid, 
and the filtrate evaporated to a small bulk. It forms, when pure, 
large s(j[uare prisms, Avdiich have a slightly yelloAvish tint, an 
intensely sweet taste, and a hi^h degree of solubility both in water 
and alcohol. , When heated, it loses water, and melts to a syrupy 
]i<piid, which distils unchanged. The crystals of orcin contain 
C7Hg02.H20. It forms substitution-pi'oducts Avith chlorine and 
bromine. 
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Orcein . — When ammonia is added to a solution of orcin, and 
the whole is exposed to the air, the Ihiuid assumes a dark-red or 
purple tint by absorption of oxygen ; a slight excess of acetic acid 
then causes the precipitation of a deep- red powder, not very 
soluble in water, but freely dissolved l>y ammonia and fixed 
alkalis, with pu^de or violet colour. This powder is an azotised 
mbstauve, orcein, formed from the elements of the ammonia and 
the orcin; it prolvtildy ci>astitutes the chief ingredient of the red 
dye-stutf of tne c<mimercial articles Udoiv mentioned. Orcein 
probably contains and its formalion from orcin, by the 

action of oxygen ainl ammonia, may be represented by the equa- 
tion ; 

+ KH3 + O3 = C,H-X03 + 211,0. 

OuaiacoL — Giiaiaciim, a yellow or brown resin exuding from 
a West Indian trc^e (ihiaiurum ojflcitiaie). yields by dry disl illaiion 
an oily liquid, which, when washed with water and rectifieil at 
a moderate heat, gives off, first, guaiucene, C-H^O, and aftei*- 
wanls a colourless oil, commonly called giiaiacol. This coni-^ 
pound has a specific gravity of 1T19 at 22^, and boils at 210^. It 
IS soluble in alcohol, sliglitly soluble in water. Nitric acid con- 
verts it into oxalic acid and a brown resin. With chlorine and 
brmnine it forms substitution-products. It dissolves in potash j 
and forms crystallisable salts with other bases, Guaiacol, as thus 
obtained, is not, however, a perfectly definite compound, but a 
mixture in varying i)ropoii,ions of the homologous compounds, 
C7 Hj, 02 and The latter compound likewise exists in 

some kinds of wood-creasote : hence it is called creasol. The 
term guaiacol should be restricted to the former. ’ 

Eight-carbon Oxyphenols, — Creasol. — This 

is a diatomic phenol obtained, as just observed, from guaiacum, 
and likewise froiri creasol e orkreasote, a liquid which is contained 
in many kinds of wood-tar, especially in the heavy oil of beech- 
tar, as obtained from the wucnl-vinegar makers, and is extracted 
and purified by a series of processes similar to those ein])loyed for 
the preparation of phenol or carbolic acid from coal-tar (p. 792). 

Creasote is a colourless, somewhat viscid oily lifiuid, of great 
refractive and dispersive power. It is quite neutral l-o test-pa])er ; 
has a penetrating and most peculiar odour, that, namely, of smoked 
meat, and a pungent and almost insupportable taste when placed 
even in very small quantity upon the tongue. Its density is 1*037, 
and its boiling-point about 203®. It takes fire with difficulty, and 
then bums with a smoky light. When quite pure, it is not 
altered by exposure to the air ; but much of the creasote of com- 
merce gradually turns brown under these circumstances. 100 parts 
of cold water take up about 1 J part of creasote ; at a high tem- 
perature rather more is dissolved, and the hot solution abandons a 
portion on cooling. The creasote itself absorbs water also to a 
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considerable extent. In acetic acid it dissolves in much larger 
quantity. Alcohol and ether mix with creasote in all proportions. 
Concentrated sulphuric acid, by the aid of heat, blackens and 
destroys it. Caustic potash dissolves creasote with great facility, 
and forms with it a compound, which crystallises in brilliant 
pearly scales, and consists, according to Hlasiwetz, of potassium 
creasolate, CgHgKOg.SH^O. When distilled with dilute sulphuric 
acid, it yields creasol, By treating creasote with potas- 

sium in an atmosphere of hydrogen, and crystallising the prcxluct 
from ether, an acid potassium creasolate is obtained, consisting of 
C,H,KO,.CsHioO,. 

rtlasiwetz regards beech-tar creasote as an ether of creasol, repre- 
sented either by the formula or by CsHioO^, 

in which R denotes a monatomic alcohol -radical. Acconling to 
Frisch, it consists mainly of acid phenylic creastd, C'gHj,(CgH5)02. 
CgHjoGg. It may be distinguished from phenol hy its beliaviour 
to ferric chloride, an alcoholic solution of that salt producing a 
green colour with creasote and brown with ])heiiol ; an aqueous 
solution gives no (*(dour with creasote and a blue colour Avith 
]>henoL The creasote of commerce is, liowever, a substance of 
very variable constitution, much of it being nothing hut impure 
phenol (ccnnmonly called coal-tar creasote). The tar of pine-w'ood, 
as already observed (p. 79), consists mainly of j)henol and cresol. 

The most characteristic jmiperty of wood-creasote is its extra- 
ordinary antiseptic ])ower, which ajqxiars to be even greater than 
that of j»heiiol. A piece of meat steeped in a very dilute solution 
of ereasote dries uj> to a munmiy-liKe substance, but absolutely 
refuses to jnitiefy. The well-known efficacy of impiire wood- 
vinegar and of weod-siiKjke in preserving provisions is doubtless 
to be attributed to the creasote wdiicli they contain. Both creasote 
and phenol are used by the dentist for relieving toothache arising 
from putrelactive decay in the substance of tlie tooth. 

Veratrol, CgHujOg. — This compound is obtained by distilling 
veratric acid (an acid extracted from tlie seeds of Veratrnm Saba- 
dilla) with excess of baryta at a gentle heat, the mode of forma- 
tion being that of the oxyplienols in general from the correspond- 
ing acids of the serii\s f^n 1 1211—804. 

C„H,oO, = 4- 

V eratric acid . V erati ol. 

Veratrol is a colourless oil having an a^eeable aromatic odour, 
and specific gravity l‘()86 at 15®; it solidifies at 15®, and boils 
at 2()2®-205®. Bromine converts it into dibromoveratrol, 
CgHgBrgOg, which forms prismatic crystals. Nitric acid acts 
strongly upon it, forming niiroveratrol, CgH9(N02)02, which 
crystallises from alcohol in yellow Lunina?, and dinitroveratrol, 
CgHg(N02)o02, which crystallises in yellow needles, melting at 
100®, and then volatilising without decomposition. 
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Anisic Alcohol, CgHmOy — Crude anise oil, the essentiol oil of 
PimpineUa Anisitjn, contains a crystalline substance, Ci(,Hj20, 
called anethol, or anise camphor. This substance when oxi- 
dised with nitric acid is converted into anisic aldehyde, CgHgOo, 
which, when treated with alcoholic pobish, takes up two atoms of 
hydrogen, and is converted into anisic alcohol, CgHjgOj ^ust 
as benzoic aldehyde, CyHgO, under similar circumstances yields 
benzyl alcohol, C^HgO, p. 790). Now this alcohol, though it 
contains two atoms of oxygen, nevertheless behaves, not like a 
diatomic, but like a monatomic alcohol, yielding oidy one series 
of ethers. The so-called anisic alcohol apjiears, indeed, to be 
really the methylic ether of the diatomic alcohol, its 

formula Wing (\Ha( 0 (’H 3 ) 0 H ; .so that it contains only one 
atom of replaceable nydrogeii. FlydrfM-hloric acid ga.s converts 
it into the corresjwiuling hvdnwhloric ether, t’„Ho(’lO, or 


Ten-carbon Oxypbenol, The only imslifica- 

tion of this molecule at pn'scnt known is hydrot hymoquinone, 
( ( ’ If 

('gH.XOU,\, j 1 »\ tin* nMlnciiiir notion of sulphurous 


add on tliyiuonuiuone, ^ S tJu* hittvr In*in{r pro- 

i ( \ f 

(luced by oxidising thymol, j ^ nmn^mnosc 

dioxide an<l sulphuric acid, just as onl/iiarv iiitinoito is produced 
by oxidation of phenol. 

Hydro-thvm<M|iiinone crystallises in transparent, heavy, f^lassy 
prisms, with pyraniidal summits, melts at 139*5'^, and sublimes 
undecomposed at higher temperatures. TliyiiKKjuinone forms 
yellow prismatic tables, having a vitreous taste, melting at 45 
and boiling without decomposition at about 200 °. 

T/i ynwqvinhy drone, cAPr, CioHi 402 , obtained by mixing the 
alcoholic solutions of thymofpiinone and hydrothymfK|uinone, or 
by the incomplete action of sulphurous acid on thymo(]iiinorie, 
crystallises in black shining needles. 

The hrom<)thymoquinones,i\^fl^^rO,^ andCi^^HjoBr^O^jare formed 
by lieating thyinofiuinonc with 2 molecules of bromine under 
water, and may be separated by crystallisation from hot alcohol, 
the solution on cooling depositing dibromothynioquiiione in pale 
yellow laminoo, which melt at 73*5° ; while tlie mother-liquor, by 
spontaneous evaporation, yields long yellow needles of mono- 
bromothymoquinone. These compounds, dissolved in warm 
potash-ley, are conveited respectively into ^nmio- and di-oxythymo- 
quinone, CiqH^^(OII)Oo and Ci 0 Hj 0 (OH) 2 O 2 , the former of which 
crystallises from hot alcohol in regular rhombic plates, melting at 
187°.* 

* See Journal of the Chemical Society [2], ix. 350 [1871]. 
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Triatomic Phenols. 


There are three compounds represented l>y the formula CgHgO, 
or C8H3(0H)3, and exhibiting a certain relationship to the 
phenols; these are: 

]. Pyrogallol or Pyrogallic Acid, produced by the action 
of heat on gallic (dioxysalicylic) acid : C7HJ1O5 = COj 4' CgHgOg ; 
ahso, together witn gallic acid, by the action of hot caustic potash 
on di-iodosalicylic acid C^H^IjOg. It is conveniently prepared by 
heating a dried atiueous extract of gall-nuts to 180 °- 185 ° in an 
iron pot covered with a paper cap; it then sublimes and con- 
denses on the cap in long flattened prisms. 

Pyrogallic acid is .soluble in water, alcohol, and ether ; it melts 
at lir>°, boils at 210 °, and decoinpo.ses at 250 °, giving off water, 
and leaving a residue of metagallic acid, CgH40.2. Pyrogallic 
acid dissolves iu caustic potash or .soda, forming a solution which 
(juickly absorbs oxygen from the air, and turns black : this solu- 
tion forms a very <a)nvenicnt reagent for the eudiometric analysis 
of air (p. 148 ). With solutions of j)ure ferrous salts it produces 
a fine lilue colour, but the smallest trace of ferric salt changes 
the tint to green. With bromine, pyrogallic acid forms a substi- 
tution-] >roduct containing CgHaBraOg. 

2 . Phloroglucin. — Phlorizin or jdiloridzin, OgiHgjOjg, a 
crystalline substance found in the root-l)ark of <he apj)le, pear, 
plum, and cherry trees (p. 041 ), is resolved by boiling with dilute 
acids into glucose and phloretin. 


f;2in240,o + H. 2 O 




and phloretin heated with aqueous potash is resolved into phloretie 
acid and })hloro<,diicin ; 


C,,Hi40, + H3O - CgHigOg + CgllgOg . 

Phloroglucin is a neutral crystidliue substance, having a very 
sweet taste, soluble in water, alcohol, and ether. With hromine 
it forms the com]iound CgH3P>r303 ; with niiric acid, CgHr^NOglO, ; 
with acetyl chloride and hcn::oyl chloride it yields the compounds 
CgH5(Ci;H30)()3 and (13113(071150)03, both of which are cjy'Stalluie. 

3 . Frangulin. — This is a yellow' crystallisable substance, con- 
tained in the bark of the berry-liearing alder {Rhamnm Frangida). 
It is insoluble in w'ater, slightly soluble in warm alcohol and 
ether, soluble in fixed oils, Itenzene, and oil of turjientine. Fuming 
nitric acid dissolves it, forming oxalic acid, and an acid called 
nitrofrangulic acid, said to contain CggHuNgOig. 
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ABOMATIG ACIDS. 

1. Monatomic Acids, CnH2n-802. 

These acids, which hear the same relation to the homolo^ues 
of heiizene that the fatty acids CnH2n02 bear to the paraffins 
CnH 2 n+ 2 , are produced bv some of the processes which yield the 
fatty acids, viz. : 1 . By the oxidation of the corresponding alde- 
hydes and alcohols: thus benzoic acid, or C(jHr,.COOH, 

is formed by oxidation of benzoic aldehyde, and of 

benzyl alcohol, CH.,OH. 2. By the action of water on the 

corresponding acid chlorides. 3. By the action of alkalis on the 
cyanides of aromatic Jilcohol-radicals. 

They are likewise obtained : 4. By the simultaneous action of 
sodium and carbon dioxide on the monobroniinated derivatives of 
the aromatic hydrocarbons, benzoic acid from bromobenzeiic : 

CflH.Br + Na^ + CO^ - NaBr + C.I[,,Na02. 

5. By the oxidatmn of hydrocarbons homologous wdth benzciu*. 
The known acids of this series are : 

Benzoic acid, Cyll^Oo, 

Toluic and Alpha-toluic acids, Cj^Hg02. 

Xylic and Alpha-xylic acids, L 

Ciimic acid, CiqHj 202, homologous with toluic acid. 

Alpha-cymic acid, CjjHi 402 , homologous with alpha-toluic 
acid. 

Benzoic Acid, = CgH^.COOH.— This acid is the 

analog^ie of benzylic alcohol, and is jiroduced from it by oxidation 
with aqueous chromic acid : 

CgH-.CHsOH + 02 = 11.0 + CgH-.COOH. 

It is also formed by oxidation of benzoic aldehyde, C^lI^jO (liitter- 
alniond oil) in presence of platinum black, or with nitric acid, and 
by the oxidalioii — chiefly with dilute chromic acid — of those 
homologues of benzene which contain only one lateral chain, such 
as methyl- benzene, propyl-benzene, &c. (p. 757). 

It may be produced directly from benzene, by acting upon that 
compound in the slate of vapour with carbonyl chloride (phosgene 
gas) whereby it is convei^ied into benzoyl chloride, C^HgOCl, and 
decomposing this chloride with waiter : 

CgH- + COCI2 = HCl + aH.oci 

C7H5OCI + HgO = HCl + . 

Fourthly, it is obtained by boiling hippuric acid (or the urine 
of cows or horses which contains that acid) with hydrochloric 
acid. The hippuric acid, CgH^NOg, which has the composition of 
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benzoyl-glycocine, then takes up a molecule of water, and is 
resolved into glycocine (p. 681) and benzoic acid : 

C2H4(C,H,0)N02 + HgO = CgH.NOg + 

This process is applied to the preparation of benzoic acid on the 
large scale. 

Benzoic acid is also produced by the oxidation of a great variety 
of organic bodies, as cumene, cinnamic aldehyde, cinnamic acid, 
cinnamene, casein, gelatin, &c. 

Benzoic acid exists ready formed in large quantity in several 
balsams and gum-resins, espe<;ially in gum-benzoin, a resin which 
exudes from the bark of Styrax benzoin^ a tree growing in Sumatra, 
Java, Borneo, and Siam. When this substance is exposed to a 
gentle heat in a subliming vessel, the benzoic acid is volatilised, 
and may be condensed. The simplest and most efficient apparatus 
for this and all similar operations is the contrivance of Dr Mohr : 
it consists of a shallow iron pan, over the 
bottom of which the substance to be sub- 
limed is thinly spread ; a sheet of bibulous 
paper, pierced with a number of pin-holes, is 
then stretched over the vessel, and a cap 
made of thick, strong drawing or cartridge 
paper, is secuired by a string or hoop over the 
whole. The pan is placed upon a sand bath, 
and slowly heated to the recjuisite tempera- 
ture ; the vapour of the acid condenses in the 
cap, and the crystals are kept by the thin 
paper diaphragm from falling back again into the pan. Benzoic 
acid thus obtained assumes the form of light, feathery, colourless 
crystals, which exhale a fragrant odour, not belonging to tMfe acid 
itself, but due to a small quantity of volatile oil, A more j)ro- 
ductive method of preparing the acid is to mix the powdered 
gum-benzoin very intimately with an equal weight of slaked lime, 
boil this mixture with water, and decompose the filtered .solution, 
concentrated by evaporation to a small bulk, with excess of 
hydrochloric acid ; the benzoic acid crystallises out on cooling in 
thin plates, which may be drained iqion a cloth filter, pressed, and 
dried in the air. By sublimation, which is then effected with 
trifling loss, the acid is obtained perfectly white. 

Benzoic acid is inodorous when cold, but acquires a faint smell 
when gently warmed ; it melts just belo# 100°, and sublimes at 
a temperature a little above ; it boils at 239°, and emits a vapour 
of the density of 4*27. It dissolves in about 200 parts of cold 
and 25 parts of boiling water, and with great facility in alcohol. 
Benzoic acid is not affected Ijy ordinary nitric acid, even at boil- 
ing beat ; but with fummy nitric acid it fonns a substitution-pro- 
duct , — Chlorine also acts on benzoic acid, forming substitution- 
products. — Phosphorus pentachloride converts it into benzoyl 
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chloride, C7H5OCI. — Benzoic acid dissolves in ordinary strong 
sulphuric acid, hut is precipitated unaltered on addition of water. 
By fuming sulphuric acicl, however, and still more readily by 
sulphuric oxide, it is converted into sulphobenzoic acid, CyHgSOr,, 
a bibasic acid to be described hereafter. By nascent hydrogen 
(evolved by sodium-amalgam) it is partly reduced to benzoic 
aldehyde and benzylic alcohol, and is partly converted, by 
addition of hydrogen, into hydrobenzoic acid, C-HigO.,, a crys- 
talline acid which forms a crystalline calcium salt, Ca(C7Hj,02)2, 
and, when recrystallised either in the free state or in the form of 
calcium salt, is ultimately converted by oxidation into benzoic 
acid. Its ethylic ether, C2H5.C7H9O2, has the odour of ethyl 
valerate. 

All the benzoates are more or less soluble : they are easily 
formed, either directly or by double decomposition. The benzoates 
of the alkalis and of ammonia are very soluble, and somewhat diffi- 
cult to crystallise. — Calcium henrioate forms groups of small colour- 
less needles, which require 20 parts of cold water for solution. The 
barium salt dissolves wdth difficulty in the cold. Neutral ferric 
benzoate is a solulUe compound ; but the basic salt, obtained by 
neutralising as nearly as possible with ammonia a solution of feme 
oxide, and then adding ammonium benzoate, is quite insoluble. 
Iron is sometimes thus separated from other metals in quantita- 
tive analysis. Neutral and basic lead benzoate are freely soluble 
in the cold. {Silver benzoate crystallizes in thin trans2)areiit plates, 
which blacken on exposure to light. 

Calcium benzoate is resolved by dry distillation into calcium 
carbonate and benzone, or benzophenone, C^gll^QO, the ketone of 
benzoic acid ; 

* Ca'XCjHsO;,)^ = CaCOg + CO(C„H5)2. 

On the other hand, benzoic acid, distilled with excess of lime, is 
resoh^ed into carbon dioxide and benzene ; 

CVH6O2 = CO2 + CgHg. 

Benzoic Chloride, or Benzoyl Chloride, C^H-OCL — This 
compound, derived from benzoic acid by substitution of chlorine 
for hydroxyl, is prepared by the action of phosphorus pentachloride 
on benzoic acid : 

C\HgO(OH) + PCJaClg = POCI3 + HCl + C^HgOCl. 

It is a colourless liquid of peculiar, disagreeable, and pungent 
odour; its density is 1T()6. The vapour is inflammable, and 
burns with a greenish flame ; its density (referi'ed to air) is 4 * 987 . 
Benzoyl chloride is decomposed slowly by cold and quickly by 
boiling water into benzoic and hvdrochloric acids : witn an*alka- 
line hydrate, a benzoate and chloride of the alkali-metal are 
produced. 
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Benzoic Oxide, or Anhydride, (^7^50)^20, is 

obtained by the action of benzoyl chloride on potassium benzoate : 

C^H^O(ONa) + CyHgOCi = NaCl + 

Benzoyl chloride acts in like manner on acetate or valerate of 
sodium, forming aceto-benzoic or valero-benzoic oxide, either of 
which splits up on distillation into acetic or valeric oxide and 
benzoic oxide, e.gr., 

CyH^OCl + CfiHaO(ONa) = NaCl + ^ 

and 

2cIh'„o|^ = + (C,H„0)P. 

Benzo-ocnanthylic, benzostearic, benzo-angelic, benzo-cuminic 
oxide, and several others, have been obtained by similar processes. 

Benzoic oxide crystallises in oblique rhombic prisms, melting at 
42®, and distilling undecoiuposed at 310®. It melts in boiling 
water, remaining iluid for a long time, but is ultimately converted 
into benzoic acid, and dissolves : caustic alkalis effect ilie conver- 
sion much more rapidly. With ammonia it forms ammonium 
benzoate and beiizamide : 

(C,H,0),0 + 2NII3 - C,II,0(N1I,)0 + NH.AH5O. 

Benzoyl Dioxide, or Peroxide, CJ4H10O4, or (071150)^02. — 
Brodie obtained this compound by bringing benzoyl chloride in 
contact with barium dioxide under water ; the procliict, when re- 
crystallised from ether, yields large shining crystals of bgnzoyl 
dioxide, which explode when heated. When submitted to the 
action of a boiling solution of potash, this substance evolves 
oxygen, and forms potassium benzoate. 


Acids derived from Benzoic Acid by substitution, 

Chlorobenzoic Acid, C7H5CIO2—C6H4CI.COOH, is obtained 
by treating benzoic acid with ]>otassium chlorate and hydrochloric 
acid. Acids having the same composition are produced by the 
action of chlorine ujion benzoic acid in sunlight, and by dis- 


their properties according to the relative positions of the chlorine 
and the group COoH in the molecule. Similar isomeric! nioditica- 
tions are exhibited by the bromo-, nitro-, and amido-benzoic acids. 
Chlorobenzoic acid treated with sodium amalgam and water is 
converted into benzoic acid. 


tilling suipnonenzoic acia, sancyiic acia^ or nippuric acia, witn 
phosphorus peritachloride, and boiling the distillate with ^vater. 
The acids obtained by these several methods, however, differ in 
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Brotnobenzoic Acid, C^H^BrO^, is formed by the action of 
bromine on silver benzoate : 

AgC,H ,02 + Br^ = AgBr + C.H.BrO^. 

Bromine does not act on benzoic acid at ordinary temperatures. 

Nitrobenzoic Acid, C7H5(N0y)02, is obtained by boiling ben- 
zoic acid for several hours with fuming nitric acid ; and by pro- 
longed action of the fuming nitric acid, or more readily by the 
action of a mixture of nitric and sulphuric acids, dinitrobenzoic 
acid, C7H4(N 02)202, is produced. Both these are crystalline 
bodies, analogous in most of their reactions to benzoic acid. 

Amidobenzoic Acids. — Nitrobenzoic and dinitrobenzoic acids 
are reduced, by treatment with certain reducing agents, as liydrogen 
sulphide or ammonium sulphide, to amido-benzoic and di- 
amidobenzoic acids; 


C 7 H,(N 02)02 + 


3H2S 


= 2H2O + S3 -f C7H,(NH2)02 


Nitrobenzoic 

add. 


Amidobenzoic 

acid. 


C7H4(N0.,)202 4 - 6 H,S = 4H3O -I- S„ + 0,H4(NH2)20, 

Dinitrobenzoic Diamido- 

acid. benzoic acid. 


Both these are crystalline compounds. Amidobenzoic acid is a 
monobasic acid, foiming metallic salts and ethers ; diamidobenzoic 
acid, on the contrary, possesses no acid properties, but is rather a 
base, combining readily with hydrochloric and other acids, and 
forming crystal Usable salts. 

When amidobenzoic acid, C7H7NO2, is subjected to the action of 
nitrous acid, two molecules of it give up three atoms of hydrogen 
in exchange for one atom of nitrogen, and are converted into a 
compound containing Ci4Hj^N304 — ^that is to say, a double molecule 
of amidobenzoic acid in which 11 3 is replaced by N : 


2C7H7NO2 + 


NO2H == 


2H2O 


+ 




This substitution of hydrogen for nitrogen was first observed by 
(Iriess, who has since shown that it is susceptible of very general 
application. 

By the prolonged action of nitrous acid, the compound 
OJ4H44N3O4 IS partially converted into oxybenzoic acid, C7II3O3 . 

C,H„N03 = C,H5[NH(C,H30)]02 

or CflH^NI^CaHgO) 

I . — This acid is produced by digesting amido- 

cooir 

1)enzoic acid with acetic acid at 130 °- 140 ° in a sealed tube : 


C,H3(NH2)02 + C2H30(0H) H2O + C.H6[NH(C2H30)]0,, 
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or by tlie action of acetyl chloride or acetic acid on zinc amido- 
benzoate : 

Zn"(C,H«N02)2 + 2C2H3OC = Z11CI2 + 2CyH,(C,H30)N0,. 

Acetamidobenzoic acid is a white powder, consisthif^ of micro- 
scopic crystals, insoluble in cold water and ether, slightly soluble 
in boiling water, easily in boiling alcohol. It is a monobasic 
acid, forming easily soluble salts with the metals of the alkalis 
and alkaline earths; sparingly soluble salts with lead, silver, and 
zinc. By boiling with hydrochloric or dilute sulphuric acid, it is 
resolved into acetic and amidobenzoic acids : 

C,H,N03 + H,0 = cyiA + CVH.NO,. 

Hippuric Acid, or Benzamidacetic Acid, CoHqNOo = 

CIl 2 NH(QIl 50 ). 

02H4(C,H60)N02 = C2H3[Nn(C,H50)]02, or ) 

COOH 

This acid, isomeric with acetamidobenzoic acid, is produced by the 
action df benzoyl chloride on the zinc salt of amidacetic acid 
(glycocine) : 

Zn'^(C,H4N02)2 + 2C7H5OCI - ZnCl, + 

the reaction being analogous to the second of those above given 
for tlie formation of acetamidobenzoic acid. 

Hij)puric acid occurs, often in large quantity, as a potassium or 
sodium salt, in tlie urine of horses, cows, and other graminivorous 
animals; in smaller quantity also in human urine. It is pre- 
pared hy evaporating in a waier-hath perfectly fresh cows^ urine 
to about a tenth of its volume, filtering from the deposit, and then 
mixing the li<|uid with excess of hydrochloric acid. Crows’ urine 
frequently deposits hijipuric acid without concentration, when 
mixed with a considerable (juantity of hydrocliloric acid, in which 
the acid is less soluble than in water. The brown crystalline 
mass, which separates on cooling, is dissolved in boiling water, and 
treated with a stream of chlorine gas, until the liquitl assumes a 
light amber colour, and begins to smell of chlorine ; it is then 
filtered and left to cool. The still impure acid is re-dissolved in 
water, neutralised with sodium carbonate, and boiled for a short 
time with animal charcoal : the hot filtered solution is, lastly, 
decomposed by hydrochloric acid, 

Hippuric acid crystallises in long, slender, milk-white, and 
exceedingly delicate square ])risms, which have a slightly bitter 
taste, me^t on the application of heat, and require for solution 
about 400 parts of cold water : it also dissolves in hot alcohol. 
It has an acid reaction, and forms salts with bases, many of which 
are crystallisable. Exposed to a high temperature, hippuric acid 
undergoes decomposition, yielding benzoic acid, ammonium ben- 
zoate, and benzonitrile, with a coaly residue. With hot oil of 
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vitriol, it <»iveso(F iKjnzou; at*i»l ; hydrochloric acid convorts 

it into benzoic ocid untl uinidacetic uciil or ^lycocine, 

C2H^(C\H30)N0, + n(OH) = 0;H50(0H) + C'aHfiNOjj, 

just as acetainidobonzoic acid is resolvetl into acetic and ainido- 
benzoic acids. 

Hi}>puric acid, treated with nitrous acid, gives otf nitrogen, and 
is converted into ben/oglycollic (icid, OyH^O^, an acid con- 
taining the elements of bi'nzoic and glycollic (uxyacetic) acids, 
minus one molecule of water : 

CJI0NO3 + HNO, = C,HsO, + H/) + X.. 

Benzoglycollic acid, when boiled with water, splits up benzoic 
and glycollic acids : 

+ ir,o = c-H,Oo + 

If, in the preparation of hippuric acid, the urine he in the 
slightest degree putrid, the hip}»uric acid is all destroyed during 
the evajioration, ammonia is disengaged in large cpiantity, and the 
liquid is then found to yield nothing but benzoic acid, not a trace 
of which can l)e discovered in the unaltered secretion. C^)m]^lete 
putrefacti(iTi effects the same change : benzoic acid might thus he 
procured to almost any extent. When benzoic acid is taken in- 
ternally, it is rejected from the system in the state of hippuric 
acid, w'hich is then found in the nrine. 

Hippuric acid is iuotio])asic, the formula of the hi]>jui rates of 
monatomic metals being Most metallio oxides dis- 

solve readily in hippuric acid. The hijipurates of potassium, 
sodium, and ammonium, are very soluble, and difficult to crystal- 
lise ; their solutions form a cream-c(»loured precij>itate wuth ferric 
salts, and wdiite cur<ly preeijntates with silver nitrate and mer- 
curous nitrate. A characteristic reaction of the hippurates is, 
that wffien fused wdth excess of yKitash or lime, they give oft* 
ammonia and yield benzene by distil latioii. Mineral acids de- 
compose them, separating the hipjmric acid. 

Hippuric acid dissolves so abundantly in an aqueous solution of 
sodium phosphate, that this solution loses its alkaline reaction and 
becomes acid. This reaction may explain the acid character of the 
recent urine of man and animals. 

Toluic Acid, CgHj^O^ = C8H70(0H). — This formula includes 
tw’O isomeric acids, viz. : 

Toluic acid, CgH4(CH3). COOH, corresponding to xylylic alcohol, 
C0H4(CH3).OH2OH, derived from dimethyl-benzene (p. 789 ). 

Alpha^toluic acid, CgHr^-CH^COOH, corresponding to the un- 
known alcohol, CpHg. CHgOH, derived from ethyl-benzene. 

The latter, which may also be regarded as phenyl-acetic aci<l, 
CH2(C6H5).C00H, admits of no further modification; but the 
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former admits of three isomeric modifications, ortlio-, meta-, and 
para-, dei^ending on the relath .. T>ositions of the radicals, CH, 
and cook “ 

These three toluic acids arc obtained l)y oxidising the corre- 
sponding modifications of xylene (dimethyl-benzene) with dilute 
nitric atdd, -j- O3 = H2O + They are all soluble 

in water, and crystallise in needles, orthotoluic aci<l melting at 
102°, metatoluic acid at jniratoluic acid at 175°-17fi°. 

Paratoluic or ordijiary toluic acid — the first discovered 
and best known modification — is likewise obtained : 

u By the prolonged action of dilute nitric acid on cymene 
(p. 'i fiti), oxalic acid being formed fit the same time ; 

CioH„ + Og = -h C,H,0, + 2H,0. 

/3 Synthetically, by the action of sodium and carbon dioxide on 
bromotoluene : 

CyHyBr -f Na2 + CO2 = NaBr + C^H^.COgNa. 

It is precij)ilatcd by acids from the solutions of its salts as a 
white crystfiliine mass, wliich melts at about 175°, and sublimes 
without decomposition in fine nee<lles. Us chemical reactions are 
analogous to those of benzoic acid. By <IistilIation with lime or 
baryta it is resolved into carbon dioxide and toluene, C^H^. Dis- 
tilled with phosphorus pentachloride, it yields toluic chloride, 
Cj^H^OCI, or CjjH^CHg.COCl. Strong nitric acid, at the boiling 
heat, converts it into nitrotoluic acid, 0gH7(N02)02. When 
introduced into the animal organism, it is excreted as toluric 
acid, C^yHnNO^, a homologue of hmpuric acid. 

Alpha-toluic acid^ is produced by boiling 

benzyl cyanide with strong potash-solution as long as ammonia is 
given off : 

C,H3.CH2CN + 2H2O = Nllg -f C3H5.CH2COOH. 

The reaction amounts to /in interchange between an atom of 
trivalent nitrogen and tlie group 0'''(0H) ; hence the constitution 
of the acid is /ipparent. 

Alphatoluic acid crystallises from 1)oiling water in broad, thin 
lamina?, very much like benzoic acid : it has an odour like that of 
the perspiration of horses. It melts at 76*6°, gives off, even below 
100°, vapours which excite coughing, and boils at 265 '5°. It 
forms a substitution-product with nitric acid, and when distilled 
with phosphorus pentachloride, yields al2:)hatoluic chloride, 
CgH^OCI, or CgHg.CHgCOCl, which passes over as a colourless 
heavy liquid. 

Xylic or Xylylic Acid, 

Two modifications of this acid, named xylic and paraxylic, are 
formed, together with hibasic xylidic acid, CqH^{CHj).(C 02 H.) 2 i 

3 F 
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by oxidising pseudocumene with dilute nitric acid at the boil- 
ing heat. At the end of the reaction a crystalline mass sepa- 
rates, and on repeatedly boiling this mass with water, xylic and 
paraxylic acids pass over, while xylitlic acid and nitro-acids remain 
behind. The xylic and paraxylic acids are separated by the different 
solubility of their calcium salts, the xylate being the more soluble 
of the two. Both acids crystallise in prisms, xylic acid melting 
at 120°, paraxylic acid at 163 °. Xylic acid is more soluble in 
water than paraxylic acid. Both acids dissolve easily in alcohol. 

Alphaxylic acid, C6H4(CII.j).CH2C02H, is obtained by 
boiling xylyl chloiide with potassium cyaiiiile (whereby xylyl 
cyanide, CgUgCN, is produced), and then witli potash. It crys- 
tallises in broad needles, having a Siitiny lustre, easily soluble in 
water, and boiling at 42 °. ^ 

Cumic Acid, CiqHjoO.^, ‘ probably 0^114(03117) . COgH, 
homologous with benzoic and toluic acids, is produced by oxida- 
tion of cuminol or cumic aldehyde, Oi^H^gO, one of the consti- 
tuents of oil of cumin. It is very much like benzoic acid, is con- 
verted by fuming nitric acid into nitrocumic acid, C,oH,,(NO,)0„ 
and resolved, by distillation with lime, into carbon dioxide anil 
cumene, 

Cymic Acid, 0iiHi402. — Normal cymic acid is not known, 
but alphacymic acid, ])robably 0^112(0113)3. CH2COOH, is pro- 
duced by the action of caustic alkalis on cymyl cyanide, O1QH13CN. 


Monatomic Acids, 0nH2n— 10 O 2 . 

The acids of this series are related to benzoic acid and its 
homologues, in the same manner as those of the acrylic series to 
the fatty acids. Only two of them, however, are at present known, 
viz., cinnamic and atropic acids, both containing 09Hg02. 

011(0 H 

Cinnamic Acid, CgHgOa = CgHyO(OH) = | ^ ^ . — 

CO2II 

This acid is produced synthetically : — 1. By heating benzoic 
aldehyde in close vessels wth acetyl chloride : 

CyHjjO + O2H3OCI = HCl + Cj,H 802 . 

2. By treating potassium benzoate with chlorethylidene, OgHgOl 
(produced by the action of carbonyl chloride on acetic aldehyde) : 

C2H4O + OOCI2 = HCl + CO2 + C2H3CI 

and 

C2H3CI + KC 7 H ,02 = KOI + C0H8O2. 

Cinnamic acid is also produced by oxidation of cinnamon-oil 
(cinnamic aldehyde, C^HgO), in air or oxygen, and exists ready 
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formed, together with benzoic acid, and certain oily and resinous 
substances, in Peru and Tolu balsams, being doubtless produced 
by oxidation of cinnyl alcohc ^ or styrone, CqHiqO (p. 800), like- 
wise contained therein. It is easily prepared by mixing pul- 
verised Tolu balsam with an equal weignt of slaked lime, filtering 
hot, and decomposing the calcium cinnamate which crystallises 
out on cooling, with hydrochloric acid. The mother-liquor con- 
tains calcium benzoate. 

The crystals of cinnamic acid are smaller and less distinct than 
those of benzoic acid. It melf.s at 120®, and boils at 293®, giving 
off a pungent, iiTitating vapour. It is much less soluble in water 
than benzoic acid, but dissolves easily in alcohol. It is oxidised 
by nitric acid to benzoic acid and benzoic aldehyde ; l)y chromic 
acid chiefly to benzoic acid. By fusion with excess of potash it 
is resolved into benzoic and acetic acids : 


C,H«02 + 2H,0 = -f 

The decomposition is precisely analogous to that of an acid of 
the acrylic series into two acids of the fatty series (p. 696) ; in 
fact, cinnamic acid has the constitution of phenyl-acrylic acid. 


C(CH^)'TI 

ioOH 

Acrylic 


C[CH(C„H,)]"H 

COOH 

Ciniianiic. 


Cinnamic acid shaken up with water and sodium-amalgam takes 
up 2 atoms of hydrogen, and is converted into hydrocinnamic 
acid, ; also, when heated to 100° with very strong hydrio- 

dic acid : CyHgOg + 2HI = CyHiyOg -|- L^. It absorbs bromine 
vapour, forming dibromo-hydrocinnamic acid, C{,HgBr 202 , 
and unites with hjmochlorous acid, forming phenyl-ch loro- 
lactic acid, CgHyC 103 : 

C,H,(C«H,)02 + HCIO = C3H,(CoH,)C103 

rh en y l-acry lie. F li eny 1-chlorolac t ic . 

Cinnamic acid is resolved by distillation with lime or haiyta, 
and partially also when distilled alone, into carbon dioxide and 
cinnamene, CgHg (p. 771). 

The cinnaniates, CgH^MOg (for monatomic metals), are very 
like the benzoates. Cinnyl cinnamate^ Ginnamein^ or Htyracin^ 
CgHp . CyllyOg, is contained, togetlier with cinnamene and styrol, 
in liquid storax (which exudes from Styrax calamitaj a shrub 
growing in Greece and Syria) ; also, together with styrol and other 
substances, in Peru and Tolu balsams, the produce of certain 
.Species of Myroxylum growing in South America. It is obtained 
from storax hy distilling the balsam to expel the styrol, then boil- 
ing it with aqueous sodium carbonate to remove free cinnamic 
acid, and kneading the spongy residue between the fingers. Sty- 
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racin then runs out as an oily liquid, and may be obtained in 
tufts of beautiful prisms by crystallisation from alcohol. When 
distilled with potash, it is resolved into cinnyl alcohol and cin- 
namic acid. 

Atropic Acid, Cc,Hg02, is a crystalline acid, isomeric with 
cinnamic acid, obtained, together with a basic compound, tropin e, 
by the action of alkalis on atropine, an alkoloid existing in Atrojpa 
Belladonna and Datura Stramonium : 

+ C,H,,NO 

Atropine. Atropic acid. Tropiiic. 


DIATOMIC AND MONOBASIC ACIDS. 

1. Series CnH2n— 8O3. 

This series includes the following acids, related to benzoic acid 
and its homologues in the same manner as the lactic acids are 
related to those of the acetic series. 

Salicylic, Oxy benzoic, and Paraoxy benzoic acids, . CyHgO^ 

Anisic, Formobenzoic, Carbocresylic, and Cresotic 

acids, CgHjjO^ 

Phloretic acid, C9H1QO3 

Thymylcarbonic and Thymotic acids, . 

Salicylic, oxybenzoic, and paraoxy benzoic acids have the con- 
stitution represented by the formula C0H4(OH) . COOH, the differ- 
ence of chemical character which they exhibit depending most 
probably on the different positions of the groups OH and COOH 
in the molecule ; but whether salicylic acid should be regarded as 
the ortho-, and oxybenzoic acid as the meta- modification, or the 
contrary, is a point not yet decided. They are all resolved by 
heat, but with various degrees of facility into carbon dioxide and 
phenol : CyH^Og = COg + salicylic acid undergoing the 

decomposition easily, and paraoxybenzoic acid with even greatci* 
facility; whereas oxybenzoic acid sublimes undecomposed when 
slowly heated, and splits up in the manner just mentioned only 
when heated (quickly. 

Salicylic A^cid is produced : 1* By passing carbon dioxide into 
phenol containing small pieces of sodium : 

CoH^NaO + CO 2 == C9H4(OH).COONa. 

Sodium-phcnate. Sodium-salicylate. 

2. From salicylol, C^HgOo, by oxidation with aqueous chrornip 
acid ; or by melting salicylol or salicin with potassium hydrate, in 
which case hydrogen is evolved : 

C^HgOg -f KOH = 


+ Hg. 



SALICYLIC ACID. 


821 


3 . Conmaric acid, heated with potassium hydrate, yields potas- 
sium salicylate and acetate : 

+ 2 KOH = CVH,K 03 + C2H3KO2 + 

4 , Oil of winterp^een {CJanlfheria procumbens), which consists of 
acid methyl salicylate, is resolved, hy distillation with potash, into 
methyl alcohol and salicylic acid : 

c,n,(CH ,)03 + KOH = ch 3 ( 0 H) + c,H 3 k: 03 . 

Salicylic acid ciystallises from its alcoholic solution by spon- 
taneous evaj)oration in large monoclinic ])risms. It requires about 
lUOO parts of cold water to <lissolve it, but is much more soluble 
in hot waler an<l in alcohol. Its aqueous solution imparts a deep 
violet colour to ferric salts. It melts at 130 °, gives olf phenol at 
a higher temperature, and when heated with pounded glass or 
cjuicklime, is comidetely resolved into carbon dioxide and phenol. 
It is distinguished from both its isomerides by its behaviour with 
ferric salts, its very slight solubility in water, and its lower melt- 
ing point. 

In its relation to metals, salicylic acid ap])ears to be intermediate 
between monobasic and bibasic acids. With the alkali-metals and 
silver, it forms only acid sails like C\II.KO.j ; but with dyad 
metals it forms both acid and neutral salts ; with calcium, 
for example, the two salts, C^lI^Ca^Oj and or 

Ca'^(C7 11^,03)2 . neutral salts are, however, much less easily 

formed than the acid salts, being pioduced only in 2)resence of a 
large excess of base ,* and in the neutral salicylates of bivalent 
metals, such as (JyH4C\x'''03, the mehil apj>ears to replace one atom 
of hydrogen from the group OH, ancl another from the group 
OO2H. 

Salicylic acid having the constitution repn^sented by the foiinula 

OqII 4 I 0QQjj> capable of forming two classes of acid ethers, 

accordingly as the hydrogen of the hydroxyl or of the carboxyl is 
replaced by an alcohol-radical, ami neutral ethers in which both 
these hydrogen -atoms are thus replaced, ejj, : 


^ CO^H 

Ethyl-salicylic 

acid. 


C«H,j 


OH 

CO3C3H3 


Acid ethyl- 
salicylate. 



Mithylic 

ethyl-salicylate. 


Oil of wintergreen, as already observed, consists of acid methyl 
salicylate, C<jH4(OH).CO.^CH3. A similar compound, containing 
ethyl, is obtained hy distilling crystallised salicylic acid with 
alcohol and sulphuric acid. These compounds are monobasic 
acids, the basic liydrogen of which may be replaced by metals 
or by alcohol-radicals, forming neutral salicylic ethers, such as 
07ll4(CH3)203, C7H4(CH3)(C2H6)03, &c. There is also an ethene- 
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salicylic, acid Cj4H,Q(p2H4)^0^, or (0oH4)"(C7ir503)2, pnxJuced I»y 
heating etheiie- bromide with silver salicylate. 

By heating salicylic acid or sodium salicylate with acetyl- 

f OC H O C7II4O) ' 'I 
chloride, acetosalicylic acid, CgH4 { Cojfl* 

is obtained as an oil, which quickly crystallises. A inixture of 
salicylic acid and acetyl chloride heated to 130 ^- 140 ^ yields sali- 
.... (^ 7 H 40 )") 

cylo-salicylic or disalicylic acid, > O.^, and this 

compound, when further heated, is converted into tetrasalicylic 
acid, C^sHiijOy = ? q Lastly, octosalicylic 

acid, C5(iH340i7 = ^(^71140) ) obtained by heating 

-^2 } 

sodium salicylate with phosphorus oxychloride. 

Oxybenzoic Acid, 071X^03, or C^.H4(0H).C0 lH, is produced 
by the action of nitrous acid on amidobenzoic acicl : 

C3H4(NH2).C02H + NO(OH) - C6H4(0H).C02H + H 2 O + K, 

Amidobenzoic acid. Oxybenzoic acid. 

It is only slightly soluble in cold water or alcohol, but dissolves 
easily in either of these lic^uids at the boiling heat, and separates 
as a crystalline powder on cooling. With strong nitric acid it 
forms nitro-oxybenzoic acid, 07113(1^02)03, which is converted by 
ammonium sulphide into amidoxybenzoic acid, C7H3(NH2)03. 

Para-oxybenzoic Acid is produced by heating anisic acid to 
125 °~ 130 ° with strong hydriodic acid : 

0,11303 + HI = CH 3 I + C7H,03- 

It is more soluble in cold water than oxybenzoic acid, dissolving 
in 126 parts of water at 15 ® : from a hot solution it crystallises in 
small distinct monoclinic prisms. Its solution forms, with ferric 
chloride, a yellow precipitate insoluble in excess, without violet 
coloration. These characters, as well as its behaviour when 
heated, distinguish it from oxybenzoic acid. With most metals 
it reacts like a monobasic acud, its potassium- salt containing 
KC7H3O3, and its cadmium -salt Cd"(C7H503)2 ; but it appears 
also, like smicylic acid, to form a barium - salt containing 
Ba"C7H403. 

Anisic Acid, Hg O3, or Methyl - paraoxyhenzoic aciih 
07X13(0113)03, is produced by oxidation of anisic aldehyde, 
CoHgOg, in contact with platinum black, or by treatment with 
dilute nitric acid (strong nitric acid would convert it into nitranisic 
acid) ; also by dropping anisic aldehyde into fused potash : 

CgHgOg + KOH = O 8 H 7 KO 3 + H.,. 
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It is usually prepared hy oxidisiua; anise-camphor, CjqHjoO, or the 
crude oils of anise, ftiiinel, and U ragon, wliich contain tnat com- 
jiound in solution, with nitric acid. Anisic aldehyde is first pro- 
duced, together with oxalic acid, according to the equation : 

C\oH,,0 + Oo = CgHgO, + + H^O, 

and subsequently oxidised to anisic acid. This acid may also he 
jn-oduced syntlietically hy treating potassium para-oxyhenzoate 
with methyl iodide, whereby the methylic ether of methyl-para- 
oxybenzoic acid is produced : 

+ 2 CH 3 I = 2 KI + C,H,(CIl 3 ) 03 .CH 3 , 
and boiling this compound with potash : 

C,H,((,^H3)03.CH3 + 11,0 = CH3(0H) -f 0 , 11 ,( 0113 ) 03 . 

EfhyUjxirao'Xifhenznic acifl, (.',IT./ 0 ,Hg) 03 , reduced in a 

precisely similar manner. 

Anisic aci<l crystallises in lirilliant coloniless prisms, melting at 
175 °, moderately soluble in hot water, easily in alcolioland ether. 
It yields substitution-products with chlorine, bromine, and nitric 
acid. By distillation with lime or baryta it is resol v^ed into carbon 
dioxide and anisol or methyl-phenol (p. 793) : 

CgHA = CO 2 + C,H«0. 

Anisic acid is monobasic, and most of its salts are crystal Usable. 

Carbocresylic and Cresotic Acids, 0 gH^ 03 . — The sodium - 
salts of these acids are fomied simultaneously by Ihe action of 
carbon dioxide and sodium on cresol, CyHgO. On treating the 
product with liydrochloric acid, the carbocresylic acid is resolved 
into carbon dioxide and cresol, while the cresotic acid remains 
undecom])osed, and may l)e washed out with ammonium carbonate : 
the solution, on evaporation, yielding the cresotic acid in needles, 
slightly soluble in water, easily in alcohol and ether. The three 
isomeric cresols yield corresponding modifications of cresotic acid : 
orthocresotic aci<l melting at 114°, paracresotic acid at 147°-15()°, 
metacresotic acid at 108°-173° They all form a deep violet colour 
with ferric cldori<le, and when heated with caustic baryta az’e 
resolved into carbon dioxide and cresol. 

Formobenzoic or Mandelic Acid, CgHgOg, is produced by 
evaporating crude bitter-almond oil to dryness with hydrochloric 
acid, and exhausting the residue with ether, which leaves sal- 
ammoniac umlissolved. It contains the elements of benzoic acid, 
CyH^O,, and formic acid, CHgO,, minus an atom of oxygen ; and 
its formation appears to be due to the action of the hydrochloric 
acid on the hydrocyanic acid of the crude bitter-ahnond oil, 
w^hereby that acid is resolved into ammonia and formic acid. 
Formobenzoic acid forms white crystals soluble in water. It is 
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resolved by oxidising agents into bitter-almond oil (C^HgO), and 
carbon dioxide. 

Acids, — This fonnnla includes four crystalline acids, 

called pliloretic, isoj)liloretic, hydrocoumaric, and hydroparacou- 
niaric. 

Phloretic acid (melting at 129^^) is fonned, together with phlo- 
roglucin, CgH^jOg, by the action of potash on phloretin, Cjg Hi4q«, 
a substance produced by the action of potash on jdilorizin (p. 641) : 

= C0H10O3 -I- CeHeO.,; 

isophloretic acid^ in like manner, from isophlorizin, a crystalline 
substance existing in the leaves of the ai>ple-tree. These two 
acids melt at 129°; phloretic acid forms a green colour vith ferric 
chloride; isoy)hloretic acid does not. Phloretic acid heated with 
lime or baryta is resolved into carbon dioxide and plilorol, 
CgHjoO, which passes over as a l>rown oil. 

Hydrocoumaric acid (melting at 82°) exists in the yellow meli- 
lot, and is produced synthetically by the action of sodium-amal- 
gam on coumarin, r\,H^ 302 , in aqueous solution ; hydroparacoumuric 
acid (melting at 125°), in like manner, from paracoumaric acid, 
CyHgOg. The fonner is resolved by fusion ivith potash into acetic 
and salicylic acid, the latter into acetic and paraoxybenzoic acid : 

C0H10O3 + 2HP = CVH^Og + C2H4O2 + 2H2. 

Another acid, containing is formed by the action of 

potash on the cyano-hydrate or cyanhydrin of anisic alcohol, 

CgH8(CN)OH + 2H2O = NH3 + 

Anisic cyanhydrin. Acid. 

Thymotic and Thymyl-carbonic Acids, C„Hi 403 , are pro- 
duced simultaneously by the action of sodium and carbon dioxide 
on thymol, (p. 799), and are separated in the same man- 

ner as the homologous compounds carbo-cresylic and crcsotic 
a(dds. Thymotic acid is a crystalline body, melting at 120°, pro- 
ducing a fine blue colour with ferric chloride, resolved by heat- 
ing with baryta into carbon dioxide and thymol. 

2 . Series CnH2n— 10O3. 

The only known acids of this series are coumaric and para- 
coumaric acids, CgHgOg, the former produced by the action of 
potash on coumarin, the odoriferous principle of the Tonka-bean ; 
the latter extracted by ether from aloes previously exhausted with 
dilute sulphuric acid. Coumaric acid crystallises in laminoe 
melting at 190°; paracoumaric acid in needles, melting at 177°- 
180°. Their reactions with melting potash have iust been men- 
tioned. 
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3- Series CnH 2 n— icOg. 

Benzilic Acid, produced by the action 

of alcoholic potash on benzoin, 2, a polymeric loodification 

of benzoic aldehyde, C^HgO, which remains in the retort when 
the crude oil is distilled with lime or iron-oxide, to free it from 
hydrocyanic acid ; or on benzile, a crystalline substance 

formed from benzoin by the action of cfilojine. On saturating 
the alkaline solution with hydrochloric acid, and leaving the 
filtered liquid to cool, benzilic acid sei)arates in small colourless 
transparent crystals, slightly soluble in cold, more soluble in 
boiling water; it melts at 120°, and cannot be volatilised without 
decomposition. It dissolves in cold strong suli)huric acid with 
fine carmine colour. 


DIATOMIC AND DIBASIC ACIDS. 

1. Series CnH^n— 8 O 4 . 

Quinonic or Quinoylic acid, 0^11404, is not actually known, 
but its dichlorinated derivative, CgHgCl^O^j is produced by the 
action of potash on tetrachloroquiiione, CgC?l402. It is a crystal- 
line substance, which gives ofl‘ water when heated. It is hibasic, 
forming acid and neutral salts. 

Orsellinic acid, CgHj^04, and Everninic acid, C9IIJQO4, 
perhaps belong to the same series. They will be further noticecl 
in the chajjter on Colouring Matters. 


2, Series CnH 2 a--io 04 . 

Phthalic Acid, CgHQ 04 ==CgIl 4 | ^qOH * — bihasic acid, 

derived from benzene by substitution of 2 atoms of carboxyl for 
2 atoms of hydrogen, is susceptible of three isomeric modifications, 
ortJiOf mefa^ and para, according to the relative position of the two 
carboxyl groups. 

1. drthopnthalic, or simply j)hthalic acid, also called 
Alizaric and Naphtlmlic acAd, is produced by the action of nitric 
acid on naphthalene, dichloride of naphthalene, alizarin, and 
purpurin (the colouring matters of madder) : 

CioHg + Os = CsHA + C2H2O4 
Naphthalene. Phthalic acid. Oxalic acid. 


c„ha 

Alizarin. 

+ 

2 H 2 O 

+ 

Oio 

= CgHoO, 
Phthalic acid. 

+ 

3 C 2 H 2 O, 
Acetic acid. 

Purpurin. 

+ 

2H,0 

+ 

O9 

= CgHeO^ 
Phthalic acid. 

+ 

3C2H2O4 
Acetic acid. 
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It is usually pi*c[)arcd by ti*eatnig naphthalene dichloride with 
boiling nitric acid (p. 773). 

Phthalic acid crystallises in colourless prisms, melting at about 
18(P ; it is but slightly soluble in cold water, but dissolves freely 
in alcohol and ether. It forms acid and neutral salts. When 
heated, it loses a molecule of water, and leaves phthalic oxide, 
C3H4O3. Treated with fuming nitric acid, it yields nitro- 
phthalic acid, QH5(N0^)04. When distilled with baryta it 
gives off benzene : 

+ 2BaO - 2BaC03 + CJIg. 

By sodium-amalgam it is convertetl into hydrophthalic aci<l, 
CgH^O^. 

2. Metaplithalic or Isoiihthalic acid is produced by the 
action of p()tassium chromate and sulphuric acitl on meta-xylene 
(p. 76()), and separates from the filtered solution in slender needles, 
which melt above 300°, and volatilise without blackening. 

3. Para])hthalic or Terephthalic acid is produced by 
oxidation of para-xylene or methyl-toluene : 

C6H,(CH3)2 + 0„ = 2H3O + (\U,{C 0 ,}i), 

or of diethyl-benzene : 

0,, = 2CO, + 4R,0 + C„H,(CO,H),, 

also by the oxidising action of nitric acid on cymene, and on 
turpentine oil, lemon oil, and other terpenes. It is likewise 
formed by the action of strong aqueous potash, at the boiling heat, 
on phenylene cyanide : 

C«H4(CN)2 + 4H,0 == 2NH3 + 

It is a wldte, tasteless, crystalline powder, not perceptibly soluble 
in water, alcohol, or ether. It is distinguished from phthalic acid 
by subliming withoiit alteration when heated, and not being 
resolved into water and an anhydride. Although bibasic, it forms 
no double salts, and shows but little tendency to form acid salts. 
Nearly all the tere])hthalates are soluble and crystal lisable, and so 
inflammable that they may be set on fire by a spark from a flint 
and steel, and burn away like tinder, emitting the odour of benzene. 

HydrojMhalic cicid, CgHg04, produced by the action of nascent 
hydrogen on i>hthalic. acid, crystallises in hard, tabular, monoclinic 
prisms, sparingly soluble in cold, easily in hot water. — Hydrotere- 
phthalic acid^ produced in like manner from terephthalic acid, is 
a white flocculent substance, quite insoluble in water. 
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TRIATOMIC AND MONOBASIC ACIDS. 

Oxysalicylic Acid, €711^04, or C,,H3(0H)2.000H, is produced 
by boiIin<^^ a solution of iodosalicylic acid, with i)otash. 

It foniis highly lustrous needles, soluble in water, alcohol, and 
ether. The aciueous solution is coloured deep blue by ferric 
chloride. The crystallised acid melts at 193 ^, and is resolved 
between 210 ^ and 212 ° into carbon dioxide and pyrocatechin, 
together with hydroquinone. The oxysalicylates are very un- 
sta .)lo. 

There are three acids isomeric with oxysalicylic acid, viz., hypo- 
f/allic acid, produced by the action of boiling hydriodic acid on 
iieinipinic acid, CjoH^oO^: 

CioHioOo + 2 HI = C.HA + 2CH3I + CO2; 

protocat cchmc acid, produced, together with oxalic and acetic acids, 
by the action of melted 2)otash on pij)eric acid, C12H4QO4; 

C12H10O4 + Sll ,0 ^ + C2H2O4 + C2H4O2 + CO, + 7 II, ; 

and carhohydnxjuinonic acid, juoduced by a ix^culiar transforma- 
tion of quinic acid. 

Eugetic Acid, J2O4, is produced by the action of carbon 
dioxide and sodium on eugeiiol or eugenic acid, C4^jHj202 (oxidised 
essence of cloves) : 

(? 4 oH, 4 Na 02 + CO, = 

It crystallises from hot acpieous solution in long colourless prisms, 
melting at 124 °, slightly soluble in cold water, very soluble in 
alcohol and ether. The a(2ueous solution is coloured blue by 
ferric chloride. The acid is resolved by heat into carbon dioxide 
and eugenic acid. 

Piperic Acid, C,2Hjo^^4> is produced, together with j>iperidine, 
by boiling pipeline (an alkaloid obtained from i)<^ppcr) 
with potash : 

C,yH„N03 + H,0 = + CyinN. 

It fonns yellowiHh capillary needles, melting at 150 °, and sublim- 
ing at about 200°, nearly insoluble in water, easily soluble in 
boiling alcohol. When fused with potassium hydrate it yields 
protocatechuic acid, together with other products. The piperales, 
even of the alkaU-mehds, ai’e sparingly soluble in water, the rest 
insoluble. 



AROMATIC CROCP : TRTRATOMIO ACIDH. 


SSB 


tetratomic acids. 

Dioxys^cyUo or CWUc Acid, CVIIA=C:^„H,(OH)3.COOJr. 
-- 1 lui» aeul pn^Iucetl hy the action of moist silver oxide on 
ilibrvHuo- or di-iinlosalicylic acid : 

CeH,.Bro(OH).(\K)H + A-,0 + H,0 - 2A*^Jir + 

CyL,(OH)3.(m)Il. 

It exists ready-forinetl in certain plants, sumach, Itellebore roitl, 
the acorns uf Qtnrrus ^Ef/ilops, ^reini and black tea, and others; 
and is priKluceil by the tninsfonnution of ;:^^allo-tannic acid ; whence 
it is found, together with the latter, in old niit-^alls. A soJutif)n 
of tannic acid in water exposed to the air, trradually depfjsits 
crj'stals of gallic acid, formed by the destruction of the tannic 
acid. The simj)le8t metlnxl uf jn-eparin*^^ ^allic acid in (|uuntity is 
to take powdered nut-galls, which, when fresh and of goo<l quality, 
contain 30 or 40 per cent, of tannic acid, with scarcely more than 
a trace of gallic, mix this pow^ler with water to a thin paste, and 
expose the mixture to the air in a warm situation for tw o or three 
months, adding >vater from time to time, to replace that lost by 
drying uj). The mouldy, dark-coloured mass thus produced may 
then be strongly ])rcssed in a cloth, and the solid {joition boiled 
in a considerable quantity of W'ater. The filtered solution deposits 
on cooling abundance of gallic acid, whicli may be drained and 
pressed, and finally i^urified by recrystallisation. 

Gallic acid forms small, feathery, and nearly colourless crystals, 
which have a beautiful silky lustre; they contain CyHgO^.aq. ; it 
requires for solution ICK) parts of cold and only 3 parts of boiling 
water ; the solution has an acid and astringent taste, and is 
gradually decomposed by keeping. Gallic acid does not j^recipi- 
tate gelatin ; with ferrous salts it produces no change ; but with 
ferric salts it forms a deep bluish-black precipitate, which dis- 
appears when the liquid is heated, from the reduction of the fenic 
to ferrous salt at the expense of the gallic acid. 

Gallic acid is monobasic; its salts present but little interest; 
those of the alkali-metals are soluble, and readily destroyed by 
oxidation in presence of excess of base, the solution acquiring 
after some time a nearly black colour ; the gallates of most of the 
other metals are insoluble. 

Gallic acid heated to about 215® is resolved into carbon dioxide 
and pyrogallol or pyrogallic acid, CgHg 03 (p. 809), which sublimes 
in crystalline plates. 

Gallic acid and pyrogallic acid reduce salts of gold and silver to 
the metallic state : it is on this property that their application in 
photography depends. 
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When dry gallic acid is suddenly heated to 249° or above, it is 
decomposed into carbon dioxide, water, and metagallic acid, 
C(iH 40 o, which remains in the retort as a black, shining mass’ 
resembling charcoal ; a few crystjils of pyrogallic acid are formed 
at the same time. Metagallic acid is insoluble in water, but 
dissolves in alkalis, and is again precipitated as a black powder by 
the addition of an acid. It forms insoluble salts witn lead and 
silver. Pyrogallic acid, also, when exposed to the re<[uisite tem- 
perature, yields metagallic acid, with separation of water. 


Ajypendix to Gallic Acid. 

TANNIC ACIDS OB TANNINS. 

These substances constitute the astringent principles of plants, 
and are widely ditfiised, in one form or other, through the vege- 
table kingdom. It is possible that there may be several distinct 
mollifications of tannic acid, w'hich differ among themselves in 
some particulars. The astringent principle of oak-bark and nut- 
galls, for examj)lo, is found to preciiiilate ferric salts bluish-black, 
w’hile that from the leaves of the sumach and tea-plant, as well 
as infusions of the substances known in (commerce under the 
names of kino and catechu^ are remaihable for giving, under 
similar circiunstances, precipitates which have a tint of green. 
The colour of a precipitate is, however, too much influenced 
by external causes to be relied upon as a ])roof of essential dif- 
ference. Moreover, the tannic acid or acids apj)ear to be uncrys- 
tallisable ; one most valuable test of individuality is therefore 
lost. 

After the reaction with ferric salts, the most characteristic 
feature of tannic acid and the other astringent infusions referred 
to, is that of forming insoluble compounds with a great variety of 
organic, and esjiecially animal suhslances, as solutions of starch 
and gelatin, solid muscular fibre, skin, &c., which then acquire 
the property of resist ing putrefaction : it is on this principle that 
leather is manufacl ured, Gallic acid, on the conlrary, is useless 
ill the operation of tanning. 

Tannic Acid of the Oak; Gallotannic acid^ C 27 H 22 O 17 . — This 
substance may be prepared from nut-galls, w^hich are excrescences 

E roduced on the leaves of a species of oak, the Querciis infectoria^ 
y the puncture of an insect. A glass vessel, called a percolator — 
having somewhat the figure of that represented in fig. 163 — is 
loosely stopped at its low'er extremity by a bit of cot ton w^ool, 
and half or two-thirds filled with powdered Aleppo galls. Ether, 
purified in the usual manner by rectification, and containing, as 
it invariably does, a little water, is then poured upon the pow^der. 
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and the vessel is loosely stopped. The liquid, which after some time 
collects ill the receiver below, consists of two distinct 
¥ig. 163. strata : the lower, which is almost colourless, is a very 
strong solution of nearly pure tannic acid in w^ater ; 
the uj^per consists of ether holding in solution gallic 
acid, colouring matter, and other impurities. The 
carefully separated heavy Ihpiid is placed to evaporate 
over a surface of oil of vitriol in the vacuum of the 
air-pump. Tannic acid, or tannin^ thus obtained, forms 
a slightly yellowish, friable, porous mass, without the 
slightest tendency to crystallisation. Tt is very soluble 
in water, less so in alcohol, and very slightly soluble 
in ether. It reddens litmus, and post ^sses a pure 
astringent taste without bitterness. 

A strong solution of this substance mixed with 
mineral acids gives rise to precipitates Avhich consist 
of combinations of the tannic acid with the aci<ls in 
question ; these compounds are freely soluble in pure 
w ater, but nearly insoluble in acid lic^uids. Gallotannic 
acids precipitates albumin, gelatin, salts of the vegeto- 
alkalis, and several other substances : it forms soluble 
compounds with the alkalis, which, if excess of base 
is present, rapidly attract oxygen, and become brown 
by destruction of the acid ; the gallohinnates of barium^ 
fftrontiurriy and calcium are sparingly soluble ; those of lead and 
antimony are insoluble. Ferrous salts are unchanged by solution 
of gallo-tannic acid ; ferric salt% on the contrary, give with it a 
deep bluish-bhuik precipitate, which is the basis of writing-ink ; 
hence the value of an infusion of tincture of nut-galls as a test for 
the presence of iron. 

Gallotannic acid, when boiled with acids, assimilates water, and 
splits into glucose and gallic acid : 

+ 4H,0 = 

The same reaction takes i)lace on heating tannic acid with a 
concentrated solution of potash: in this case, however, the sugar 
is further converted into glucic acid. Nut-galls contain a ferment 
which induces the same decomposition of tannic acid, exciting, at 
the same time, alcoholic fermentation of the sugar. Gallotannic 
acid, prepared by the mcjthods above mentioned, still contains a 
sufficient quantity of the ferment to produce this decomposition 
when the acid is dissolved in w^al^er, and atihe ordinary tempera- 
ture : it ensues, however, much more rapidly on addition of 
nut-galls. If this fermentation takes place in i)resence of air, a 
part of the tannic acid is converted into Magic acid^ Ci 4 HQOg. 
The same substance is found in the insoluble residue of woody 
fibre and other matters from which gallic acid has been with- 
drawn by boiling water ; it may be extracted by an alkali, 
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and precipitated hy hydrochloric acid, as a greyish insoluble 
powder. 

Gallotannic acid is resolv 1 by dry distillation into pyrogallic 
and metagallic acids, together with carbon dioxide : 

= 3 CJI „03 + + 3 CO, ; 

Gallotannic. Pyrogallic, Metagallic. 

whereas all those taunins which turn fenic salts green, yield by 
distillation, pyrocatecliin, (p. 803 ), which contains one 

atom of oxygen less than j>yrogallic achl. 

Catechin^ C9H10O4, or C9Hy04 (?), is a feebly acid substance, 
extracted by hot water from catechu (cold water extracts a tannin 
much resembling that obtained from galls). Catechin, when 

I mre, crystallises in fine coh>urless needles, which melt when 
leated, and dissolve very freely in boiling water, but scarcely at 
all in the cold. Catechin dissolves also in hot alcoliol and ether. 
The aijueous solution acquires a red tint by exposure to air, and 
precijutates lead acetate and corrosive sublimate white, reduces 
silver nitrate on addition of ammonia, hut does not form insoluble 
compounds with gelatin, starch, and the vegcto-al kalis ; it strikes 
a deep green colour with ferric salts. Catechin when heated yields 
pyrociitechiii. 

Japonic and Ruhic acids are formed hy the action of alkali in 
excess upon catechin, the first when the alkali is in the caustic 
state, the second when it is in the state of carbonate. Japonic 
acid is a black and nearly insolulJe substance, soluble in alkalis 
and precipitated by acids : it is perhaps identical with a black 
substance of acid ])roi>erties, which Peligot obtained by heating 
grape-sugar with barium hydrate. Ruhic acid has been hut litlle 
stuuied ; it is said to form red insoluble compounds with the earths 
and certain other metallic oxides. 

Several acids closely allied to tannic cacid have been found in 
coffee and Paraguay tea. 

The isomeric acids, mellophanic, prehnitic, and pyro- 
mellitic, CeH2(COOH)4, derived from mellitic acid, are quadri- 
basic : their mode of formation will be given under mellitic acid. 


PENT ATOMIC ACIDS. 

There is hut one known acid referrible to tl:is group, namely : 
duinic or Kinic Acid, C7II12O9, which is monobasic, and may 
perhaps be represented by tlie formula (CgH;r)v im . — The cal- 
cium-salt of this acid is found in the solution from which the 
alkalis of cinchona bark have been separated by lime, and is easily 
obtained by evaporation, and purifieu by animal charcoal. From 
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lUe calcium-salt the acid may he extracted hy detrompoHing it with 
dilute sulphuric acid. The clear solution evaporateil to a syrupy 
consistence dept>sits large, distinct crystals, reseiubling those ot 
tartaric acid, and soluble in 2 ]>arls of water. Quinic acid has also 
been found in colTee-l Harries and in the leave.s ot the bilberry -bush. 

Quinic aci<l siibjecled to destructive distillation yields hydro- 
(piiiione, CVHgO.,, together with other products; heated with a 
mixture of iiiangaiiese dioxide and sul[>huric acid, it yields (juiiione, 
Cgll^Og; and with manganese dioxide and hydrochlonc acid, 
various" chlorinated derivatives of these two bodies (p. 802 ). 


HEXATOMIC ACID. 


Mellitic Acid, = Cjj(CO*,H)g. — This acid, having 

the constitution of benzene in which all the six hydrogen-atoms 
are replaced by carboxyl, occurs as aluminium salt, in the rare 
mineral, called inellite or homij-stone^ found in beds of lignite. 
It is soluble ill water and alcohol, and crystallises in colourless 
needles. It forms acid and neutral salts and ethers, whose com- 
position may be illustrated by the following examples : 


Neutral, 

Ci,(Al2)vi6 


12 

'l2 


12 


Acid. 


Ammonium niellitate yields by distillation parainide and 
euchroic acid. The former is a white amorphous substance, con- 
taining CV,H3N30g (i.e., tri-ammonic inellitate, OjgHJN 114)30^2 — 
6H0O), ana conveilible hy boiling with water into acid ammonium 
niellitate. Euchroic acid^ == ^4)2^12 ■” 

forms colourless sparingly solume crystals, in contact with zinc 
and deoxidising agents in general, it yields a deep blue insoluble 
substance called euchrone. 


Acids derived, from Mellitic Acid. 

Mellitic acid heated with lime is completely resolved into carbon 
dioxide and benzene: (^^(COaH)^ ~ bCOg + It is in fact 

the last ten%of the series of aromatic acids derived from benzene 
by substitution of CO^H for H — the first term being benzoic acid 
— all of which are resolved in like luannef by distillation with 
lime into carbon dioxide and benzene. The formulas of these 
acids are as follows : 


CoH3(COaH)3 


m- 
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The first and fifth, and mell’^ic acid itself, are not susceptible of 
isomeric modifications; but i.he second, third, and fourth, each 
admit of three modifications, accordingly as the carboxyl occupies, 
ill the second, the places (I, 2), (1, 3), or (1, 4) ; in the third, the 
places (1, 2, 3), (1, 2, 4), or (1, 2, 6) ; and in the fourth, the places 
(1, 2, 3, 4), or (1, 2, 4, 5) ; in ail twelve different acids. (See 
page 761.) 

' One modification of the fourth acid of the series (pyromellitic 
acid, Cj0HgO4) is produced by distilling mellitic acid alone at a 
moderate heat: and by heating mellitic acid to duly regulated 
^ ' inperatures, either alone or with bases, it is possible that the 
other acids of the series might also be obtained. 

All the twelve acids above enumerated are known, except the 
fifth. They are produced by the following series of processes : 

Mellitic acid treated with sodium-amalgam takes up 6 atoms of 
hydrogen — one for each atom of carboxyl — and is converted into 
hydromellitic acid, CgH^;(C02H)Q. This acid heated with 
-strong sul])huric acid loses 6 atoms of hydrogen, and at the same 
time 2 mol. carbon dioxide, and is converted into two isomeric 
quadribasic acids, called prehnitic and mellophanic acids: 

CMCO,n)^ - + 2CO2 + C^H^CCO^H)^. 

Ill like manner, prehnitic acid treated with sodium-amalgam 
takes up an atom of hydrogen for each of its atoms of carboxyl, 
forming hydroprehnitic acid, CeHg(C02n)4, and this acid 
heated with strong sulphuric acid is converted into tribasic 
irimesic acid : 

CMCO.U)^ = H4 + CO, + 

This last compound can in like manner take up 3 atoms of hydro- 
gen, and the resulting acid, heated with sulphuric 

acid, will yield bibasic isophthalic acid, CgH4(C02H)2; but the 
latter may be obtained more directly by simply heating hydro- 
prehiiitic acid. 

Mellophanic acid undergoes similar transformations, resulting 
in the formation of hemimellitic and phthalic acids. 

In the chain of reactions just described the carboxyls are 
removed from mellitic acid in a certain order ; this, however, is 
not the only method of passing from the sexbasic to the mono- 
basic acid. Mellitic acid when heated yiehls pyromellitic 
acid, C^Ho(C 02H)4; and this acid treated with sodidhi-anialgam 
takes up 4H, and is qpnverted into hydrqipyromellitic acid, 
C|,H-(C0^H)4, which when heated with strong sulphuric acid 

S ields trimellitic acid, C<jH3(COoH)3, isomeric with hemimel- 
tic acid; and this again would doubtless take up hydrogen, 
yielding a product decomposible by sulphuric acid. 

The twelve benzo-carbonic acids above enumerated may be 
arranged as ortho-, meta-, and para-compounds, as follows : 

3 G 
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Ortho-series. Meta-series. Para-series. 

123456 

f'a(C02H)^ Mellitic acid. 

1 2 3 4 5 

CgH(C02H)6 Unknown. 

1234 1235 1245 

CgH2(C02n)4 Mellophanic acid. Prehnitic. Pyromellitic acid. 

123 124 135 

C0U3((yO2H)3 Ilemimellitic acid. Trimesic acid. Trimellitic acid. 

12 13 14 

CgTf4(C02H)2 Phthalic acid. Isophthalic Terepbthalicacid. 

1 acid. 

( 0H3CO2H Benzoic acid. 


AROMATIC SULPHO-ACIDS. 

Sulphobenzoic Acid, C0H4(SO3H).CO2H, is produced by the 
action of sulphuric oxide on benzoic acid, also together with disul- 
phobenzoic or phenylene-sulphurous acid, CeH4(S03H)2, 
by that of fuming sulphuric acid on benzonitrile or phenju 
cyanide, CgllgCN. Both these acids are bilxisic. 

Sulphobenzolic, or Fbenyl-sulpburous Acid, C0H,(SO3H), 
is fonned, together with sulpho-benzide, Cj2Hj0SO2, by the action 
of sulphuric oxide on benzene. On mixing the resulting liquid 
with a large quantity of water, the sulphobenzide is precipitated 
as a crystalline powder, while sulphobenzolic acid remains in 
solution, and may lie obtained in the crystalline form by convert- 
ing it into a copper-salt, decomposing the latter with hydrogen 
sulphide, and evaporating. It is monobasic, and forms soluble 
salts with the alkali-metals, barium, iron, copper, and silver. By 
the prolonged action of fuming sulphuric acid, it is converted into 
disulphobenzolic acid. 

Sulpbonaphtbalic Acid, 010117(80311), and Disulphonapb- 
tbaJic Acid, C4oUe(^®3H)2> produced by melting naphthalene 
with strong sulphuric acid or sulphuric oxide. On neutralising 
the aqueous solution of the prwluct with barium carbonate, con- 
centrating ^d adding alcohol, the disulphonaphthalate of barium 
is precipitared, while the sulphonaphthalate remains dis.solved. 
By using a large excais of sulphuric acid, and applying a strong 
heat, nearly the whole of the naphthalene is converted into disul- 
phonaphthalic acid. Both these acids are ciystalline, and fonn 
soluble and crystallisable salts. 
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ABOMATJn AliDEHTDES. 

1. Monatomic, 

Four aldehydes are known, belonging to the series Cnllin— sO, 
corresponding to benzoic acid and its homologues, viz. : 

Benzoic Aldehyde, CyH^O 

Toluic Aldehyde, 

Cuniic Aldehyde, 

Sycocerylic Aldeliyde, 

and one belonging to the series CnH 2 n— loO, viz. : 

Cinnamic Aldehyde, C 7 H 4 O . 

All these aldehydes exhibit the same general reactions as those 
of the fatty and acrylic series Q), 741), and are obtained by 
similar reactions. 

Benzoic Aldehyde, or Bitter-almond Oil, = 

CHO — CyH^^O. H. — This compound is produced — 1 . By the 
oxidation of amygdalin with nitric acid. 2 . By digesting bitter 
almonds with water for five or six hours at 3()®-40°. The 
synaptase present then acts as a ferment on the amygdalin, con- 
vei'ting it into glucose, benzoic aldehyde, and hydroc.yanic acid 
(see p. (139). Benzoic aldehyde is prepared by this process in 
large (|uan titles, chiefly for use in perfumery. It does not pre- 
exist in the almonds, for the fat oil obtained from them by 
pressure is absolutely free from it. The crude oil has a yellow 
colour, and contains a very considerable quantity of hydrocyanic 
acid : to free it from this inq^urity, it is agitated with dilute 
solution of ferrous chloride mixed with slaked lime in excess, and 
the whole is subjected to distillation ; water passes over, accom- 
panied by the purified essential oil, which is to be left for a short 
time in contact u ith a few fragments of fused calcium chloride to 
free it from water. 

3 . Benzoic aldehyde is formed, together with many other pro- 
ducts, by the action of a mixture of manganese dioxide and sul- 
phuric aci<l on albumin, fibrin, casein, and gelatin. 

4. By the action of nascent hydrogen on chloride or cyanide of 

benzoyl : • 

CVH5OCI -f. H2 - HCl ^ + CyHgO. 

Pure benzoic aldehyde is a thin, colourless liquid, of great re- 
fractive power, and peculiar, very €^reeable odour : its density is 
1*043, audits boiling point 180°: it is soluble in about 30 parts 
of water, and miscible in all proportions with alcohol and ether. 
Exposed to the air, it greedily absorbs oxygen, and is converted 
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into a mass of crystallised benzoic acid. Heated with solid 
potassium hydrate^ it gives off hydrogen, and yields potassium 
benzoate. With the alkaline hmdphitee it forms beautiful crys- 
talline compounds. The vapour of the oil is intlammable, and 
burns with a bright flame and much smoke. It is very doubtful 
whether pure bitter almond-oil is poisonous ; but the crude pro- 
duct, sometimes use<l for imj)arting an agreeable flavour to con- 
fectionery, is very dangerous. 

Benzoic aldehyde, treated with sodium amalgam, is converted 
into benzyl alcohol, C 7 H^(>. With jdiosphorue pentachhrride it 
yields beiizylene chloride, C-lIgClg : 

c,K,o + PCI5 ^ PCI3O + cv:i,ri,. 

Amninnm convert^ it into hrdrol)enzainide, a wliite crystal- 
line neutral body, which, when boiled with a<] neons jiotash, is 
converted into an isomeric basic comj)ound calletl amarine: 

3CVH,0 -f 2 XH 3 = + 3H/). 

All the aromatic aldehydes act with ammonia in a similar inanmu, 
ami are thereby distinguished from the aldehydes of the fatty 
series. 

Toluic Aldehyde, is produced by distilling a mix- 

tiu*e of the calcium-salts of toluic and formic acids. The oily 
distillate agitated with acid sodium sulphite, forms a crystalline 
compound, which, when distilled with sodium carbonate, yields 
the aldehyde, as an oil having a peppery odour, and boiling at 
204°. On exposure to the air, it is gradually converted into tcduic 
acid, With alcoholic potash it forms j>olassiiim toluate 

and xylyl alcohol : 

2C,n,o + KOH = cyi-Ko^ + C«H,oO. 

Cumic Aldehyde, exists, together with cymene, 

in the essential oil of cumin, and in that of water-hemlock 
(Cicuta virosa), and may be obtained by agitating either of these 
oils with acid sodium sulphite, which takes iij) the cumic «alde- 
hyde, but not the cymene, and forms a crystalline comj^ound, 
from which the aldehyde may be separated by distillation with 
potash. Cumic aldehyde is a colourless or slightly yellow liquid, 
having a powerful o(h)ur, and is easily oxidised in tke air, so that 
it must be <Jistillcd in a cun-ent of carbonic acid gas. It is con- 
verted into cumic acid, CgHjgOg, by oxidation, and by alcoholic 
potash into potassium curiiate and cymyl alcohol, 

S3rcocerylic Aldehyde, C^oHogO, appears to be produced 
in thin prisms by oxidising sycoceryl alcohol with acpieous chromic 
acid. 

Cinnamic Aldehyde, CoHrO,— T his compound, which is 
the only known member of the series of aldehydes CnH 2 n-.ioO, ^ 
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constitutes the essential part of the volatile oils of cinnamon and 
cassia, which are obtained from the 1 >ark of different trees of the 
^enus CinnarriornAimj order Lauracem — viz., oil of cinnamon from 
Ceylon cinnamon, and oil of cassia from Chinese cinnamon. The 
aldehyde may be separated from these oils by means of acid 
potassium sulidiite. It is a colourless oil, rather heavier than 
water: may be distilled without alteration in a vacuum, or with 
<le-aerated water ; but absorbs oxygen quickly on exposure to the 
air, and passes into cinnamic acid. When fused with potash, it 
forms polassiuin cinnamate, and gives off hydrogen : 

CgH^O + KOH = CgH^KOg + Hg. 

Ammonia gas converts it into hydrocinnamide : 

30 ^ 11^0 + 2 NH 3 = (CoHgX'aNg + SH^O. 

Camphor, or Laurel Camphor, has the composition, CjoHj^O, 
which is that of the aldehyde of camphol, (p. 800) ; out its 

properties are not those of an aldehyde, masmuch as it does not 
unite with alkaline bi.sul])hites or with aniline, and when fused with 
potash, does not give off hydrogen and form the potassium-salt 
of the corresponding acid, but unites directly with the alkali, 
forming j)otassium campholate, Ci^Hj^KOg . It may, however, be 
conveniently described in this place. 

CJaniphor is obtained by distilling with water the wood of 
the camphor-tree (Laurus Campliora). When pure it forms a 
solid, white, crystalline, translucent mass, tough, and difficult to 
powder, and having a powerful and well-known odour. It melts 
when gently heated, and boils, distilling unchanged at a high 
temperature. It sublimes slowly at the temperature of the air, 
and often forms beautiful crystals on the sides of bottles or jars 
containing it and exposed to light. Camphor is very sparingly 
soluble in w’ater, but readily soluble in alcohol, ether, and strong 
acetic acid. Small ])ieces of it thrown upon water revolve and 
move about on the surface, with more or less velocity in propor- 
tion to their smallness. 

Common camphor exerts a dextro-rotatory action on polarised 
light [et] = 4* 47*4°; but by distilling the essential oil of feverfew 
(Pyrethrum Partheniam), and collecting apart the portion which 
passes, over between 200 ° and 220 °, an oil is obtained, Avhich, on 
cooling, deposits a crystalline substance resembling common 
camphor in every respect, except that its action on polarised liglri 
is exactly equal and opposite: [»] = — 47’4°. The essential oils 
of many labiate plants, as rosemary, marjoram, lavender, and 
sage, often deposit a substance having the composition and all the 
properties of common camphor, excepting that it is inactive to 
polarised light. 

By the action of hot nitric acid, camphor is gradually oxidised 
and dissolved, with production of camphoric acid, C 20 HigO 4 . 
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This acid forms small colourless needles or plates, of uci<l and 
hitter taste, sparingly soluble in cold water. It melts when 
heated, and yields by distillation a colourless, crystalline, neutral 
substance, consisting of camphoric oxi<le or anhydride, 
^ 10 ^ 1403 . Calcium camphorate when distilled yields a volatile 
oil consisting of phoroiie, C,jHi 40 , the ketone of camphoric acid : 

CioHi^CaO^ = CaC 03 + . 

Camphor heated with alcoholic soda-solution in sealed tubes to 
ITO^-lHO"^, is resolved into camphol, C^oH^gO, and camphic 
acid, C 10 H 16 O 2 •* 

2 C,oH ,30 + H,0 = C.oH.gO + 

Camjdiol has been already described (]>. 801). 

C.^amphic acid is obtained by neutralising the alkaline solution 
with sulphuric acid, dissolving out the sodium camj)hate with 
alcohol, evaporating, and again adding sulphuric acid — as a soliil 
mass, heavier than water, insoluble therein, easily soluble in 
alcohol. Its potassium and sodium salts are insoluble in strong 
alkaline leys. Tliey precipitate the salts of copper, iron, silvei'. 
and zinc, not those of the alkali-metals ; all the precipitates arc 
soluble in a large (quantity of water. 


2. Aldehydes tu^uitved from Diatomic Aromatic Alcohoi.s. 

Salicylic Aldehyde, or Salicylol, == 

CgHgO.CHO ; also called saliciflom acid, and hijdride of mlicijL — 
This compound is produced by oxidising the corrcsixmding alcohol, 
saligeniji, C-IIgOg, ndth potassium elironiatc and dilute sulphuric 
acid. As salicin ((541) is a glucoside of saligenin, and j>o])ulin 
has the composition of benzoyl-sal iciu, salicylol may likewise be 
formed from these bodies by the action of oxidising agents ; it 
may be conveniently prepare<l by treating salicin, or the concen- 
trated extract of willow-bark, with chromite acitl. One part of 
salicin is dissolved in 10 parts of water, aial mixed in a retort 
with 1 part of powdered potassium dichromate and 2 i parts of oil 
of vitriol diluted with 10 parts of water ; gentle heat is applied, 
and after the cessation of the effervescence first produced, the 
mixture is distilled. The yellow oily product is separated from 
the water, and j)urified l)y rectification from calcium chloride. 
Salic^ylol exists ready formed in the flowers of meadow-sweet 
(Spirma ulmaria), ami may be obtained, together with a terpene, 
by distilling the flowers with water. On iieutralising the distil- 
late with potash, boiling to expel the hydrocarbon, slightly super- 
saturating the residue with phosphoric acid, and distilling, sali- 
cylol passes over, and may be purified by agitating the distillate 
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■with ether, treating the decanted ethereal solution with potash, 
supersaturating with phosphoric acid, and redistilling. 

Salicylul is a thin, colourl^'ss, fragrant oil, acquiring a red tint 
by exposure to the air. It has a sjiecific gravity of 1’17;3, solidifies 
at -20'^, boils at 196*5^, and burns when set on fire wiLli a bright 
smoky flame. Water dissolves a perceptible (juantity of salicylol, 
acquiring its frag||ant odour, and the property (likewise exhibited 
by salicylic acid; of producing a deep violet colour with ferric 
salts. Alcohol and ether dissolve it in all proportions. 

Salicylol is oxidised to salicylic acid by boiling with cupric oxide 
in alkaline solution, partially also by potassium dichromate and 
sulphuric acid ; it likewise reduces silver oxide. When heated 
wdth potassium hydrate, it is converted into potassium salicylate, 
with evolution of hydrogen : 

CVH«0, + KOH = + IL. 

By nascent hydrogen it is converted into saligenin, ; b^ 

ammonia into hydrosalicylamide : 

3C\IT«02 + 2NH3 == 3H,0 + C^>xH,,03N2. 

Salicylol decomposes alkaline carbonates, and dissolves in caustic 
alkalis, for^ng yellow crystallisable salts ; tlie sodium-salt, for 
examj)le, Inmiig the composition Cyll^^NaOg. This salt and the 
corresponding potassium and ammonium-com])oun(ls, are soluble 
in welter, and by treating their solutions with salts of barium, 
copper, lead, silver, &c., insoluble metallic derivatives of salicylol 
are jnecipitated. These compounds are commonly called sali- 
cylites, salicylol itself being called salicylous acid; but it is 
better to designate them as sodlum-mlinj/ol, cojtptir-salinjlol, &c., 
inasmuch as the metal contained in them does not aj)])ear to 
occupy the same ])]ace as in the salt of an ordinary acid, but 
rather to take the place of an atom of hydrogen belonging to the 
])]ienyl group in the molecule of salicylol, so that 

sodiuni-salicvlol consists of (Y^II^NaD.ClIO. This salt, treated 
with methyl-iodide, yields sodium iodide and methy l-sal icylol, 
C3H4(CH3j().CHO, a comjxmnd exhibiting properties analogous to 
those of salicylol itself. Ethyl-sal icylol, CTIO, 

is obtained in a similar manner. Ammonia acts u])on tliese com- 
pounds in tlje same manner as on salicylol, converting them into 
methyl - hydrosalicylamide, (LiHi7(CH3)03N2, and ethyl - liydro- 
salicylamide, • 

Salicylol is strongly attacked by chlorime and bromine^ forming 
substitution -products, namely, chlorosalicylol, C^^Hr^ClOo, and 
bromo-salicylol, C^H^BrOg, both of which are crystalline bodies 
possessing acid properties. Iodine dissolves in it, but does nut 
form a 8ubstitution-|)roduct. Moderately strong nitric acid con- 
verts it into iiitro-sal icylol, C5.IIg(N 0.2)02, which is also cryshilline, 
and forms crystallisal)le salts. Chlorosalicylol is a(*ted upon by 
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Soiliiiin-8iilieyIol, fn^ated with acetic oxicJe, toi^uii^ scxlnun acetate 
and aceto-salicylol : 


CeH^NaO.CHO + (CaHjOaO = NaOC^ITaO + C.H^iCjjHaOO.CHO. 

This compound has the same composition as coumaric acid, CgTTf,0.j 
(p. 824) ; but to obtain it ))ythe reaction a] )ove mentioned ceilaiii 
precautions are necessary. The acetic oxide must be added to 
powdered anhydrous sodium-salicylol suspended in pure diy^ et her, 
the reagents bein^ employed in equivalent quantities ; and after 
the whole has stoofl for twenty-four hours, the ethereal li<piid 
must be filtered oft’ from the sodium acetate, then ev*orated, and 
the crystalline cake which separates on cooling, purmed by pres- 
sure between bibulous pa]>er, and crystallisation from alcohol. 
Acetosalicylol thus prepared melts at 37% boils at about 253°, and 
distils without decomposition. It is an aldehyde, like salicylol 
itself, and forms definite compounds with alkaline bisulphites. 
It is decomposed by alcoholic potash, with formation of potassium 
acetate and potassium-salicyloi : 


GeH,(C.2H30)0.Cn0 + 2KOH = C^H^KO.CllO + C.Ji^^KO.2 + HaO. 

Acetosalicylol likewise unites directly with acetic oxide. 

If the product of the action of acetic oxide on siilicylol, instead 
of being treated in the manner above described, be poured into 
water after a few minutes’ boiling, an oily li(juid sinks to the 
bottom, and sodium-acetate remains in solution ; and on distilling 
this oil, and collecting apart that which passes over after the tem- 
perature has risen to 290% a crystalline substance is obtained, 
having the comY^osition of acetosalicylol minus one molecule of 
water: this substance is identical in every respect with natural 
coumarin, CgHgOg. The dehydration of the acetosalicylol 
appears to be due to the action of the sodium acetate, perhaps to the 
formation of an anhydroacetate of sodium, 2 C 2 H 3 Na 02 . 
analogous to potassium anhydrosulphate (p. 326), whicn appears 
to exert a more powerful dehydrating action than acetic oxide 
itself. 

Coumarin thus obtained has lost the properties of an aldehyde, 
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no longer uniting with alkaline bisulphites ; it differs also from 
acetosalicylol in not being split up into acetic acid and salicylol 
by the action of strong potash, but simply taking up an atom of 
water and being converted into coumaric acid. 

Coumariuj as already observed, is the odoriferous principle of 
the Tonka bean. It may be often seen, forming minute, colour- 
less crystals iind^r the skin of the seed, and between the coty- 
ledons. It is best extracted by macerating the sliced beans in 
hot alcohol, and, after straining through cloth, distilling off the 
greater part of the spirit. The syrupy residue deposits, on stand- 
liig, crystals of coumarin, which must be purified by pressure from 
a fat oil which abounds in the beans, and then crystallised from 
hot water. So obtiiined, coumarin forms slender, brilliant, colour- 
less needles, fusible at about 67°, boiling between 290° and 291°, 
and distilling without decomposition at a higher temperature. It 
has a fragrant odour and burning taste ; is very slightly soluble 
in cold water, more soluble in hot w^ater, and in alcohol. It is 
unaffected by dilute acitls or alkalis, which merely dissolve it. 
Boiling nitric acid converts it into picric acid, and a hot concen- 
trated solution of potash converts it into coumaric acid, C^HgOg, 
and eventually into salicylic acid. Coumarin exists in several 
other plants, as in Melilotus officinalis^ Asperula odorata^ and An- 
fh oxan thum odor at um. 

By acting on sodium-salicylol with butyric and valeric oxides, 
honiologues of coumarin are obtained, viz., butyric coumarin, 
(vjiHjoOg, and valeric coumarin. 

Anisic Aldehyde, CgHgOg, also called Aiiisal and Hydride 
of Anisylj is formed, together with anisic acid, by oxidation of 
anisic alcohol, CgHioOg, with platinum - black, or of anise oil, 
C 10 H 12 O, with w^ami nitric acid : 

C10H12O + = CgHgOg + C2H2O, + ap. 

It is a yellowish liquid, having an aromatic odour and a burning 
taste, nearly insoluble in water, but soluble in all proj^ortions in 
alcohol and ether. It is converted by oxidation into anisic acid, 
CgHgOg, by nascent hydrogen into anisic alcohol, CgHj^Og* 
forms crystalline compounds with alkaline bisulphites. Am'tnonia 
converts it into anishydramide, C24H24O3N2. My alcoholic potash 
it. is decomposed in the same manner as benzoic aldehyde, yield- 
ing potassium anisate and anisic alcohol : 

2CgHg02 + KOH = CgH.KOg + 

Oil of anise is a solution of a solid substance called anise- 
camphor, having the composition C^oHigO, in a fluid oil which 
appears to have the composition of oil of turpentine. The anise- 
camphor is so abundant as to cause the whole to solidify at 10° 
By pressure between folds of bibulous paper, and crystallisation 
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from alcohol, the camphor may he obtained pure. It forms colour- 
less pearly plates, more fragrant than the crude oil, which melt 
when gently heated, and distil at a high temperature. This sub- 
stance is attacked energetically by chlorine, bromine, and nitric 
acid : it combines with hydrochloric acid, but is unaffected by 
solution of caustic potash. With bromine the solid essence yields 
a white, inodorous, cry stall isable compound, bronianisal, con- 
taining CiQHj,Br30. The action of chlorine is more complex, 
several successive conij)ounds being produced. With sulphuric 
acid two products are obtained — a compound acid analogous to 
ethyl sul])hiiric acid, and a whil.e, solid, neutral substance, anisoin, 
isomeric with the fluid essence. 

The products of the action of nitric acid on anise-c imphor vary 
with the strength of the acid employed ; the most important are 
anisic aldehyde; anisic acid; nitranisic acid, a yellowish- 
white, crystalline, sparingly soluble powder ; and nitraniside, a 
resinous body produced by fuming nitric acid. 

Purfurol, C5H4O.2. — When sulpliuric acid diluted with an 
equal bulk of water is carefully mixed with twice its weight of 
wheat-bran, and the adhesive ])asty muss obtained is ex2)osed in 
a projier vessel to the action of a current of steairi, whicli is after- 
wards condensed by a worm or refrigerator, a li([uid is obtaiiunl 
which holds furfurol in solution. By redistillation several timevS 
repealed, the first half of the liquid only being collected, the fur- 
furol can be extracted from the w'ater, and then by distillation 
alone obtained in a state of jmrity. The ]>roduction of furfurol 
is very greatly increased, and the operation much facilitated, by 
previously depriving the bran of all starch, glutin, and soluble 
matter, by steej)ing it in cold dilute solution of caustic ]^otash, 
and washing and drying by gentle heat or in the sun. Maceration 
in cold water for some time answers the same purpose, owing to 
the lactic acid formed in that case. Furfurol has a pale yellow 
colour, and a fragrant odour like that of oil of cassia: its specific 
gravity is 1 *11)5, and it boils at 1(52% distilling unchanged. It 
dissolves in all pro{)orlions in alcohol and to a very considerable 
extent in water, and is readily destroyed by strong acids and 
caustic alkalis, especially when aided by heat. The specific gravity 
of the vaiiour is 3-493. Fuj-furol may be converted into silver 
pyromucate by treating its aqueous solution with silver oxide : 

+ SAg^O = ZC^HaAgOg + SAg^ + H,0. 

Hence furfurol appears to be the aldehyde of pyromucic acid. 
In contact with solution of ammonia, furfurol is converted in a 
few hours into furfuramide, C!i^Hi203N2, a yellowish-white, 
crystalline, insoluble substance, which is decomposed slowly by 
water, and instantly by an acid, into ammonia and furfurol. It 
may be crystallised from alcohol, however, in which it dissolves 
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without change. When boiled with dilute potash it is converted 
into the isomeric compound furl’urine, which is a base forming 
definite salts with acids. (See Organic Bases.) 

Fucusol.— By treating several varieties of fucus with sulphuric 
acid in exactly the same manner as in the preparation of furfurol, 
Or. Stenhouse lias obtained a series of substances, which he desig- 
nates by the terms fucusol^ fucmsamide, and fucusine. They have 
exactly the same comj)Osition as the corresponding terms in the 
furfurol series, and also most of their properties, but differ in some 
details. 


AKOMATIC KETONES. 

Two only of tliese bodies are known, viz. : 

1. Biphenyl Ketone, Benzone or Benzophenone, 

Cigll^oO or (JO(C(jHr,)2. — -This compound, the ketone of benzoic 
acid, IS produced by distilling potassium benzoate. It is a crysbxl- 
line body, melting at 46"^, boiling at 315°, and distilling without 
decomiiosition. Warm fuming nitric acid converts it into dinitro- 
benzone, Ci3Hx(N02)20. 

2. Methyl-phenyl Ketone or Acetophenone, C«HgO = 

C (4J 

CO < T? . — This ketone, which has lately acquired great iinporl- 

( V'o . <'» 

unce, is formed by distilling a mixture of calcium acetate and 
benzoate. It boils at al)out 198°, and is converted by fuming 
nitric acid into two isomeric ni trace tophen ones, Cj<H7(N02)0. 
one crystalline, the other syrupy. Now, when the syrupy modi- 
lication dissolved in chloroform is made up into a paste with 
40 or 50 parts of a mixture of 1 part soda-lime and 9 parts zinc 
dust, it gives uj) 2 molecules of water and 2 atoms of oxygen, and 
is converted into in «ligo-blue, CjcHioNgOg: 

NO,— Cfll [,— CO— Of L ) N— CgHi- CO— CH 

[-211,0-0., =11 II 

NO,— C,,!!^— CO— CH, ) N— C„Il4— CO— CH 

Nitracetophenonc (2 inols.) Indigo. 

The nitryl ^NO.^) in each molecule of the acetophenone gives up 
the whole of its oxygen, 1 atom of which is taken uj) by the zinc, 
while the other unites with 2 atoms of hydrogen from the grou}> 
CH.J, forming water, which is removed by the soila-linie. The 
2 atoms of nitrogen and the two groups CH then unite together, 
each by two units of affinity. Indigo appears therefore^ to be 
the azo-derivative of a kind of ketone, having the formula 
O^H^— CO— CH 

CcH,— CO— C h‘ 

For the preparation and ])roj)erties of Indigo and its derivatives, 
see the chapter on Colouring Matters. 
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ORGANIC COMPOUNDS CONTAINING NITROGEN. 


GYANOOEN-OOMPOUNDS. 

We have already mentioned (pp. 178-300) that the name cyanogen 
is apT)lied to the univalent radical CN, derived from the saturated 
( N'" 

molecule G*’' < jj , by abstraction of hydrogen. Cyanogen is a 

chlorous, acid, or negative radical, analogous to chlorine, bromine, 
and iodine ; its compounds with metals and other positive radicals 
are called cyanides: 

Hydrogen cyanide, or Hydrocyanic acid C’^'N'^H 
Potassium cyanide ..... C'^N'^'K 

Ethyl cyanide G’^N^'^CoH. 

Barium cyanide ((>’^N''") 2 fea^ 

Ethene cyanide 

Proi:>enyl cyanide 

Cyanogen, in its capacity of a quasi-element, is often represented 
by the symbol Cy. 

C—N 

Cyanogen in the free state, GNo, or / , maybe obtained 

C-ZN 

by decomposing certain metallic cyanides. Its j>reparation by 
heating mercuric cyanide, and its physical properties, have already 
been described (p. 178), 

In tSie preparaUon of cyanogen from mercuric cyanide, a brown- 
or lAackisb. substance, called paracyanogen, is always 
formed in small quantity. It is insoluble in water, and when 
calcined in a gas which does not act upon it, such as nitrogen or 
caTl)on dioxide, is completely volatilised in the form of cyanogen 
gas, without leaving any carbonaceous residue : hence it appears 
to \)c isvnueric or polymeric with cyanogen. 

Sydrogen Cyanide; Hydrocyanic or Prussic 
Acid, — This veiy important compound, so remarkable for 

its poisonous properties, was discovered as early as 1782 by Scheele. 

It may he formulated as azomethane, 5 jf 

methane or marsb-gas having three of its hydrogen-atoms replaced 
by nitrogen, or as metbenyl nitrile, (CU)"'N, that is, ammonia 
in which the three atoms of hydrogen are replaced by the trivalent 
radical metbenyl. 
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Pure anhydrous hydrocyanic acid may be obtained by passing 
dry sulphuretted hydrogen gas over dry mercuric cyanule, gently 
heated in a glass tube connected with a small receiver cooled ])V a 
freezing mixture. It is a thi,., colourless, and exceedingly volatile 
liquid, which has a density of 0*7058 at 7*2°, boils at 20*1°, and 
solidifies when cooled to — 18° : its odour is very powerful and 
most characteristic, much resembling that of peach-blossoms or 
bitter-almond oil ; it has a very feeble acid reaction, and mixes 
with water and alcohol in all proportions. In the anhydrous 
state this substance constitutes one of the most formidable poisons 
known, and even when largely diluted with water, its effects upon 
the animal system are exceedingly energetic : it is emjdoyed, how- 
ever, in medicine, in very small doses. The inhalation of the 
vapour should be carefully avoided in all experiments in which 
hydrocyanic acid is concerned, as it produces headache, giddiness, 
and other disagreeable symptoms : ammonia and chlorine are the 
best antidotes. 

The acid in its pure form can scarcely be preserved : even when 
enclosed in a carefully stoppered bottle, it is observed after a very 
short time to darken, and eventually to deposit a black substance 
ctjiitaining carbon, nitrogen, and perhaps hydrogen : ammonia is 
formed at the same time, and many other products. Light 
favours this decomposition. Even in the dilute state it is apt to 
decompose, becoming brown and turbid, but not always with the 
same lacility, some samples resisting change for a great length of 
time, and then solidifying in a few weeks to a brown, pasty 
mass. 

When hydrocyanic acid is mixed with concentrated mineral 
acids, hydrochloric acid, for example, the whole solidifies to a 
crystalline paste of sal-ammoniac and formic acid : 

cmi + 2H,0 = NHs + CH^O^. 

On the other hand, when dry ammonium formate is heated to 
200°, it is almost entirely converted into hydrocyanic acid and 
water. 

Aqueous solution of hydrocyanic acid may be prepared by 
various means. The most economical, and by far the best, where 
considerable quantities are wanted, is to decomjjose yiillow 
potassium ferrocyanide at boiling heat with dilute sulphuric 
acid. 500 grains of the powderecl ferrocyanide, K 4 FeCy(„ are 
dissolved in four or five ounces of warm water, and introduced 
into a capacious flask or globe, connected by a perforated cork and 
wide bent tube with a Liebig’s condenser well supplied with cold 
water ; 300 grains of oil of vitriol are diluted with three or four 
times as much water and added to the contents of the flask*, and 
the distillation is carried on till about half the Ihpiid has distilled 
over, after which the process may be interrupted. The residue in 
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the retort is a white or yellow mass, consisting of potassio-ferrous 
ferrocyanide, K 2 Fe 2 Cyg (s 6 e p. 853), mixed with potassium sul- 
phate : 

2 K 4 re"Cye + 3 H 2 SO 4 = 6 HCy + K 2 Fe" 2 Cyo + 3 K 2 SO 4 . 

When hydrocyanic acid is wanted for the purposes of pharmacy, 
it is best to prepare a strong solution in the manner above de- 
scribed, and then, having ascertiiined its exact strength, to dilute 
it with pure water to the standard of the Pharmacopoeia, viz., 
2 per cent, of real acid. This examination is best made by preci- 
pitating with excess of silver nitrate a known weight of the acid 
to be tried, collecting the insoluble silver cyanide upon a small 
filter previously weighed, washing, drying, and lastly reweigliing 
the whole. From the weight of the cyanide that of the hydrocyanic 
acid can be easily calculated, a molecule of the one (CNAg=134), 
corresponding to a molecule of the other (CNH = 27); or the 
weight of the silver cyanide may be divided l)y 5, which will give 
a close approximation to the truth. 

Another very good method for determining the amount of hydro- 
cyanic acid in a licpiid has been suggested by Liebig. It is based 
upon the property j)ossessed by potassium cyanide of dissolving a 
({uantity of silver cyanide sufficient to produce with it a double 
cyanide, KCy.AgCy. Hence a solution of hydrocyanic acid, 
which is supersaturated with potash, and mixed with a few 
drops of solution of common salt, will not yield a permanent 
precipitate with silver nitrate before the whole of the hydrocyanic 
acid is converted into the above double salt. If we know the 
amount of silver in a given voliune of the nitrate solution, it is 
easy to calculate the quantity of hydro(*yanic acid : for this 
quantity will stand to the amount of silver in the nitrate con- 
sumed, as 2 molecules of hydrocyanic acid to 1 atom of 
silver, i,e.: 

108 : 54 = silver consumed : x. 

It is a common remark, that the hydrocyanic acid made from 
potassium ferrocyanide keeps better than that made by other 
means. The cause of this is ascribed to the presence of a trace 
of mineral a(iid. Everitt found that a few drops of hydi’ochloric 
acid, added to a large bulk of the pure dilute acid, preserved it 
from decomposition, while another poiiion, not so treated, became 
completely spoiled. 

A very convenient process for the extemporaneous prepai’ation 
of an acid of definite strength, is to decompose a known quantity 
of potassium cyanide with solution of tartaric acid : 100 grains of 
crystallised tartaric acid in powder, 44 grains of potassium cyanide, 
and 2 measured ounces ot distilled water, shaken up in a jAiml 
for a few seconds, and then left at rest, in order that the precipi- 
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taie may subside, will yield an acid of very nearly the required 
strength. A little alcohol may be added to complete the sej>ara- 
tion of the cream of tartar ; filtration or other treatment need 
be employed. 

The production of hydrocyanic acid from bitter almonds has 
been already mentioned (p. 835). Bitter almonds, the kernels of 
plimis and peaches, the seeds of the apple, the leaves of the 
(iherry-laurel, and various other parts of plants belonging to the 
great iiatiiiul order Eosacem^ yield on distillation with water a 
sweet-smelling liquid containing hydrocyanic acid. This is pro- 
bably due in all cases to the decomposition of amygdalin under 
the influence of emulsin or synaj)tase present in the organic 
structure (p. 639), Hydrocyanic acid exists ready formed to a 
considerable extent in the juice of the bitter cassava. 

The presence of hydrocyanic acid is deteided with the utmost 
e^se ; its remarkable odour and high degree of volatility almost 
sufficiently characterise it. With solution of silver nitrate it 
gives a dense curdy white precipitate, much resembling the 
chloride, but differing from tnat substance in not blackening so 
readily by light, in being soluble in boiling nitric acid, and in 
suffering complete decomposition when heated in the dry state, 
metallic silver being left: the chloride, under the same circum- 
stances, merely fuses, but undergoes no chemical change. The 
production of Ihaissian blue by “ Scheele’s test” is an excellent 
and most decisive experiment, which may be made with a very 
small quantity of the acid. 'Bhe liquid to be examined is mixed 
with a few drops of solution of ferrous sulphate and an excess of 
caustic potash, and the wdiole exposed to the air for 10 or 15 
minutes, with agitation, whereby the ferrous salt is partly con- 
verted into ferric salt: hydrochloric acid is then added in 
excess, which dissolves the i)recip]tated iron oxide, and, if hydro- 
cyanic acid is present, leaves Prussian blue as an insoluble powder. 
The reaction will be explained in connection with the feiTOcy- 
anides fp. 853). 

Anotlier very delicate test for hydrocyanic acid will be men- 
tioned in coimectien with sulphocyanic acid.^ 

Metallic Cyanides. — The most important of the metallic 
cyanides are the following; they bear the most perfect analogy 
to the haloid-salts. 

Potassium Cyanide, CNK or KCy. — Potassium heated in cyano- 
gen gas, takes fire and burns in a very beautiful manner, yielding 
potassium cyanide : the same substance is produced when potas- 
sium is heated in the vapour of hydrocyanic acid, hydrogen being 
liberated. When pure nitrogen gas is transmitted through a 
white-hot tube containing a mixture of potassium carbonate and 
charcoal, a small quantity of potaasium cyanide is fomied, which 
settles on the cooler portions of the tube as a white amorjihous 
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powder : carbon monoxide is at the same time evolved.* When 
azotised organic matter of any kind, capable of furnishing 
ammonia by destructive distillation, as horn-shavings, parings of 
hides, &c., IS heated to redness with potassium carbonate in a 
close vessel, a very abundant production of potassium cyanide 
i*esvilts, which cannot, however, be advantageously extracted by 
<lirect means, but in practice is always converted into ferrocyanide, 
which is a much more stable substance, and crystallises better. 

Potassium cyanide may be prepared by passing the vapour of 
hydrocyanic acid into a cold alcoholic solution of potash : the salt 
is then deposited in the crystalline form, and may be separated 
from the licpiid, pressed and dried. But it is more genei’ally 
made from the ferrocyanide, which, when heated to whiteness in 
a nearly close vessel, evolves nitrogen and other gases, and leaves 
a mixture of carbon, iron carbide, and potassium cyanide, which 
latter salt is not dec(unposed unless the temperature is excessively 
high. 

Liebig has given a very easy and excellent process for making 
potassium cyanide, wliich does not, however, yield it pure, but 
mixed with potassium cyanate. For most of the applications of 
potassium cyanide, electro-plating and gilding, for example, for 
which a considerable quantity is now rerjuired, this impurity is of 
no conse([iience. Eight parts of potassium ferrocyaiiide are ren- 
dered anhydrous hy gentle heat, and intimately mixed with 3 parts 
of dry potassium carbonate : this mixture is thrown into a red- 
hot earthen crucible, and kept in fusion, with occasional stirring, 
until gas ceases to be evolved, and the fluid portion of the mass 
becomes colourless. The crucible is left at rest for a moment, and 
then the clear salt is decanted from the heavy black sediment at 
the bottom, which is principally metallic iron in a state of minute 
division. The reaction is represented by the equation : 

K,Fe''Cye + K,C 03 = 5KCy + KCyO + Fe -f CO,. 

Fon-ocyanide. Carbonate. Cyanide. Cyanate. 

The product may be advantageously used, instead of potassium 
ferrocyanide, in the(|||^reparatioii of hydrocyanic acid, by distilla- 
tion with diluted oil of vitriol. 

Potassium cyanide is often produced in considerable quantity in 
blast furnaces in which iron ores are smelted with coal or coke. 

Potassium cyanide forms colourless, cubic or octohedral, anhy- 
drous crystals, deliciuescent in the air, and exceedingly soluble in 

• According to recent experiments hy Mai^ueritte and De Sourdeval, 
the formation of cyanide appears to be more abundant if the potash be 
replaced by baryta. If the barium cyanide thus formed be exposed to a 
stream of superheated steam at 300° O. the nitrogen of the salt is eliminated 
in the form of ammonia. Margiieritte and De Sourdeval recommend this 
process as a method of preparing ammonia by means of atmospheric 
nitrogen. 
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water : it dissolves in boiling alcohol, but separates in great mea- 
sui’e on cooling. It is readily fusible, and undergoes no change at 
a moderate red or even white heat, when excluded from air ; 
otherwise, oxygen is absorbed u.id the cyanide becomes cyanate. 
Its solution always has an alkaline reactujn, and when exposed to 
the air exhales the odour of hydrocyanic acid : it is decorii})osed by 
the weakest acids, even the carbonic acid of the air, and when 
boiled in a retort is slowly converted into potassium formate, with 
separation of ammonia. It is said to be as poisonous as hydro- 
cyanic acid itself. 

Sodium Cyanide^ NaC^y, is a very soluble salt, corresponding 
closely with the foregoing, and obtained by similar means. 

Aitimonium Cyanide^ NH 4 Cy, is a colourless, cryslallisable, and 
very volatile substance, prepared by distilling a mixture of potas- 
sium cyanide and sal-ammoniac; or by mingling the vaj)our of 
anhydrous hydrocyanic acid with ammoniacal gas ; or, lastly, by 
passing ammonia over red-hot charcoal. It is very soluble in 
water, subject to spontaneous decomposition, and is slightly 
poisonous. 

Mercuric Cyartide^ Hg"(CN) 2 , or Hg^C^yg* — of most 
remarkable properties of cyanogen is its powerful attraction for 
certain of the less oxidahle metals, as silver, and more particularly 
for mercury and palladium. Dilute hydrocyanic acid dissolves 
finely powdered mercuric oxide with the utnmst ease : tlie liquid 
loses all odour, and yields on evaporation crystals of mercuric 
cyanide. Potassium cyajiide is in like manner decom])osed by 
mercuric oxide, jjolassium hydrate being produced. JVlercuric 
cyanide is generally prepared from potassium fen’oeyanide ; 2 parts 
of the salt are dissoh^ed in 15 parts of hot water, and 3 parts 
of dry mercuric sulphate ai’e added ; the whole is boiled for 
lifteen minutes, and filtered hot from the iron oxide, which 
separates. The solution, on cooling, deposits the mercuric cyanide 
in crystals. Mercuric cyanide forms white, translucent, dimetric 
prisms, much resembling those of corrosive suhlinuite : it is soluble 
in 8 parts of cold water, and in a much smaller quantity at a 
higher temperature, also in alcohol. The solution has a disagree- 
able metallic taste, is very poisonous, and isVot precipitated by 
alkalis. Mercuric cyanide is used in the laboratory as a source of 
cyanogen. 

Silver Cyanide, AgCy, has been already described (p. 847 ). — Zinc 
cyanide, ZnCy^, is a white insoluble powder, prepared by mixing 
zinc acetate with hydrocyanic acid . — Cobalt cyanide, CcCyg, is ob- 
tained by similar means : it is dirty-white, and insoluble. — Palla- 
dium cyanide, PdCyg, forms a yellowish- white precipitate when the 
chloride of that metal is mixed with a soluble cyanide . — Auric 
cyanide, AuCyg, is yellowish-white and insoluble, but freely dis- 
solved by solution of potassium cyanide. 

Iron Cyanides . — These compounds are scarcely known in the 

3 H 
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separate state, on account of their OTeat tendency to form double 
salts. On adding potassium cyaniae to a ferrous salt, a yellowish- 
red flocculent precipitate is forme<l, consisting chiefly of ferrous 
cyanide, FeCy 2 , but always containing a certain quantity of potas- 
sium cyanide, and dissolved as ferrocyanide by excess of that salt. 
Ferric cyanide, FenCy^, is known only in solution. Pelouze 
obtained an insoluole green compound containing FegCyg, or 
FeCyg.FegCyg, by passing chlorine gas into a boiling solution of 
potassium ferrocyanide. 

The iron cyanides unite with other metallic cyanides, forming 
two very important groups of compounds, called ferrocyanide s 
and ferricyanides, the composition of which maybe illustrated 
by the respective potassium-salts : 

Ferrocyanide,- . . . K-F^Cy^., or 4KCy.Fe'Cy2 

Ferricyanide, . . . . KsFe^'Cyg-or 3KCy.Fe'"Cy3.* 

It will be seen from these formulie, that ferro- and ferricyanides 
containing the same quantity of cyanogen, differ from one another 
only by one atom of univalent metal, and, accordingly, it is found 
that the former may be converted into the latter, by the action of 
oxidising (metal-abstracting) agents, and the latter into the former 
by the action of reducing (metal-adding) agents. Thus potassium 
ferrocyanide is easily converted into the ferricyanide by the action 
of chlorine, and many double ferrocyanides may be formed from 
ferricyanides by the action of alkalis in presence of a reducing 
agent ; thus potassium ferricyanide, K 3 Fe"'Cy«, is easily converted 
into ammonio-tripotassic ferrocyanide (NH 4 )K 3 Fe"Cye, by the 
action of ammonia in jiresence of gluco8e.t 


Ferrocyanides, 

Potassium Ferrocyanide, K 4 Fe"Cyg, or 4KCy.Fe"Cy2, com- 
uionly called yellow prnssiate of potash . — This important salt is 
formed — 1. By digesting precipitated feiTous cyanide in aqueous 
solution of potassiuMi cyanide. 2. By digesting ferrous hydrate 
with potassium cyanide, potash being formed at the same time : 

6KCy -f Fe"H202 = 2KHO + K^Fe'^Cyg. 

* Strictly speaking, the formula of potassium ferricyanide should be 
6KCy .(Fe 2 )’'*Oye (see Iron, p. 433); but, for comparing the composition of 
the ferricyanides with that of the ferrocyanides, the simpler formula above 
given is more convenient. 

♦ The ferrocyanides and ferricyanides are sometimes regarded as salts of 
peculiar compound radicals containing iron, viz., ferrocyanogen, Fe"Cy«, 
BXidiferricyanogeny Fe^'Cyg, the first being quadrivalent, the second triva- 
lent ; but there is nothing gained by this assumption. For a discussion of 
the forraulfiB of these salts, and of the doul)le cyanides in general, see 
Wattses Dictionary of Chemistry, vol. ii. 201. 
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3. Ferrous cyanide with aqueous potash : 

SFe^Cyg + 4KHO = 2Fe"H202 + K^Fe^Cy^. 

4. Aqueous potassium cyani 3 with metallic iron : if the air he 
excluded, hydrogen is evolved : 

6KCy + Fe + SHgO - K^Fe^Cye + 2KHO + ; 

but if the air has access to the liquid, oxygen is absorbed, and no 
hydrogen is evolved : 

6KCy + Fe + H^O + O = K^Fe'^Cye + 2KHO, 

5. Ferrous sulphide with aqueous potassiiun cyanide : 

6KCy + Fe'^S = KgS + K^Fe^'Cvo- 

6. Any soluble ferrous salt with potassium cyanide; eg,: 

6KCy + Fe"S 04 = KgSO^ + K^Fe^Cyo. 

Potassium ferrocyanide is manufactured on the large scale by 
the following process : — Dry refuse animal matter of any kind is 
fused at a reel heat with impure potassium carbonate and iron 
filings, in a large iron vessel, from which the air should be 
excluded as much as possible ; potassium cyanide is generated in 
large quantity. Tlie melted mass is afterwards treated with hot 
water, which dissolves out the cyanide and other salts, the cyanide 
being quickly converted by the oxide or sulphide* of iron into 
ferrocyanide. The filtered solution is evaporated, and the first- 
formed crystals are purified by re-solution. If a sufficient quan- 
tity of iron be not present, great loss is incurred by the decompo- 
sition of the cyanide into potassium carbonate and ammonia. 

A new process for the j)reparation of potassium ferrocyanide 
has lately been proposed by Gelis. It consists in conv’^erting car- 
bon bisulphide into ammonium sulphocarbonate by agitating it 
with ammonium sulphide : CS 2 -p(NH 4 ) 2 S = (NH^oCSg, and heat- 
ing the product thus obtained with potassium sulpnide, whereby 
potassium sulphocyanate (p. 86*6) is formed, with evolution of 
ammonium sulphide and hydrogen sulphide : 

2(NH4)2CS3 + KgS = 2KCNS + 2(NH4)HS + SHgS . 

The potassium sulphocyanate is dried, mixed with finely divided 
metallic iron, and heated for a short time in a closed iron vessel to 
dull redness, whereby the mixture is converted into potassium 
ferrocyanide, potassium sulphide, and iron sulphide : 

6KCNS + Fee = + KgS. 

By treatment with water, the sulphide and ferrocyanide of potas- 

* The sulphur is derived from the reduced sulphate of the crude pearl- 
nshes and the animal substances used in the manufacture. 
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aium are dissolved, and on evaporation the ferrocyanide is obtained 
in crystals. It remains to be seen whether this ingenious process 
is capable of being canned out upon a large scale. 

Potassium ferrocyanide forms large, transparent, yellow crys- 
tals, K4Fe"Cyg-}-3 aq., derived from an octohedroii with a square 
base : mey cleave with lacility in a direction parallel to the base 
of the octohedroii, and are tough and difficult to powder. They 
dissolve in 4 parts of cold and 2 parts of boiling water, and are 
insoluble in alcohol. They are permanent in the air, and have a 
mild saline taste. The salt has no poisonous properties, and, in 
small doses at least, is merely purgative. Exposed to a gentle 
heat, it loses 3 molecules of water, and becomes anhydrous : at a 
high temperature it yields potassium cyanide, iron carbide, and 
various gaseous products ; if air be admitted, the cyanide becomes 
cyanate. 

Potassium ferrocyanide is a chemical reagent of great value : 
when mixed in solution with neutral or slightly acid salts of the 
heavy metals, it gives rise to precipitates which very frequently 
present highly characteristic colours. In most of these compounds 
the potassium is sim})ly displaced by the new metal : the beauti- 
ful brown ferrocyanide of copper contains, for example, Cu'^ghV'Cye, 
or 2 Cu"Cy 2 .IV'Cya, and that of lead, Pl/aEe^Cyjj. 

With ferrous salts, potassium ferrocyanide gives a precipitate 
which is perfectly white, if the air be excluded and tlie solution 
is quite free from ferric salt, but quickly turns blue on exposure 
to the air. It consists of potassio-ferrous ferrocyanide, 
RgEe^^Cy^j, or potassium ferrocyanide having half tlie potassium 
replaced by iron. The same salt is produced in the preparation 
of hydrocyanic acid by distilling potassium ferrocyanide with 
dilute sulphuric acid (p. 845), 

When a soluble ferrocyanide is added to the solution of a ferric 
salty a deep blue x>recipitate is formed, consisting of ferric ferro- 
cyanide, Fe^Cyig, or Fe'" 4 Fe" 3 Cy,R, or 2(Fe2)"Cy6.3Fe"Cy2, 
which in combination with 18 molecules of water constitutes 
ordinary Prussian blue. This beautiful pigment is best prei)ared 
by adding potassimn ferrocyanide to ferric nitrate or chloride : 

SK^IVCy, + 2{Fe,rCl, = 12KC1 + 

It is also formed by precipitating a mixture of ferrous and ferric 
salts with potassium cyanide : 

18KCy -h 3Fe"Cl2 + 2(Fe2rCl^ = 18KC1 + Fe^Cyig. 

This reaction explains Scheele^s test for prussic acid (p. 847). 
Prussian blue is also formed by the action of air, chlorine- water, 
and other oxidising agents, on potassio-ferrous ferrocyanide ; pro- 
bably thus : 

6K2Fe"2Cy, + 03== Fe^Cy^a + SK^Fe^Cy, + Fe^O^. 
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It is chiefly by this last reaction that Prussian blue is prepared 
on the large scale, potassium ferrocyanide being first precipitated 
by ferrous sulT>hate, and the resulting white or light blue precipi- 
tate either leit to oxidise by t .ntact with the air, or subjected to 
the action of nitric acid, chlorine, hypochlorites, chromic acid, &c. 
The product, however, is not pure feme hirrocyaniue : for it is 
certain that another and simpler reaction takes i)lace at the same 
time, by which the potassio-ferrous ferrocyanide, (K2Fe")Pe"Cyg, 
is converted, by abstraction of an atom of potassium, into 
potassio-ferrous ferricyanide, (KFe")Fe'"Cyj5, which also 
])ossesses a fine dee}>-blue colour. Commercial Prussian blue is 
therefore generally a mixture of this comijound with ferric ferro- 
*^^anide, Fe'"4Fe"3Cyi8, the one or the other predominating 
according to the manner in which the process is conducted. 

Prussian blue in the moist state forms a bulky precipitate, Avhicli 
shrinks to a comparatively small compass when well washed and 
dried by a gentle heat. In the dry state it is hard and brittle, 
much resembling in aiipearance the best indigo : the freshly 
fractured surfaces have a beautiful copper-red lustre, similar to 
that produced by rubbing indigo with a hard body. Prussian 
blue is quite insoluble in w«ater and dilute acids, with the excep- 
tion of oxalic acid, in a solution of which it dissolves, forming a 
deep-blue liquid, which is sometimes used as ink ; com^nntrated 
oil of vitriol converts it into a white, jmsty mass, which again 
becomes blue on addition of water. Alkalis destroy the colour 
instantly : they dissolve out a ferrocyanide, and leave ferric oxide. 
Boiled with water and mercuric oxi(le, it yields a cyanide of the 
metal, and ferric oxide. Heated in the air, Prussian blue burns 
like tinder, leaving a residue of ferric oxide. Exj)osed to a high 
temperature in a close vessel, it gives off* water, ammonium 
cyanide, and ammonium carbonate, and leaves carbide of iron. It 
forms a very beautiful j)igment, both as oil and water colour, but 
has little permanency. 

Common or basic Prussian blue is an inferior article prej)ared 
by precipitating a mixture of ferrous sulphate and alum with 
potassium ferrocyanide, and exj 30 sing the precipitate to the air. 
It contains aluniina, which impairs the colour, but adds to the 
weight. 

Soluble Prussian blue is obtained by adding fenic chloride to 
an excess of potassium ferrocyanide ; it is insoluble in the saline 
liquor, but soluble in pure water. It has a deep-blue colour, and 
probably consists of potassio-ferrous ferricyanide. 

Hydrogren Ferrocyanide, or Hydroferrocyanic Acid^ H4Fe''Cy(„ 
is prepared by decomposing ferrocyanide of lead or copper sus- 
pended in water by a stream of Sulphuretted hydrogen gas, and 
separates on evaporating the filtered solution in a vacuum 
over oil of vitriol. Its solution in water has a powerfully acid 
taste and reaction, and decomposes alkaline carbonates with efFer- 
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vescence: it does not dissolve mercuric oxide in the cold, but 
when heat is ai>plied, undei?;oes decomposition, forming mercuric 
cyanide and ferrous cyanide : H 4 Fe''Cjg + 2Hg"0 = SHg'Vy^ + 
Fe'^Cy^+ 2H.p ; but the ferrous cyanide is immediately oxidised 
by the excess of mercuric oxide, with separation oi metallic 
mercury. . In the dry state the acid is very jicrmanent, but when 
long exposed to the air in contact with water, it is entirely con- 
verted into Prussian blue. 

Sodium ferrocyanide, Na4Fe''Cy6 . 12 aq., crystallises in yellow 
four-sided prisms, which are efflorescent in the air and verj’ 
soluble. 

Ammonium ferrocyanide^ (NH4)4Fe"Cy0 . 3 aq., is isomorphous 
with potassium ferrocyanide : it is easily soluble, and is decom- 
posed by ebullition. Barium ferrocyanide^ Ba'^gFe'^Cyg, prepared 
by boiling potassium ferrocyanide witli a large excess oi barium 
chloride, or Prussian blue with baryta-water, forms minute yellow, 
anhydrous crystals, which have but a small degree of solubility 
even in boiling water. The coiTCsponding compounds of strontium^ 
calcium^ and magnesium are more freely soluble. The ferro- 
cyanides of silvery leady zinc^ manganesey and bismuth are white 
and insoluble ; those of nickel and cobalt are pale-green and in- 
soluble ; and, lastly, that of copper has a beautiful reddish-brown 
tint. 

There are also several double ferrocyanides. When, for example, 
concentrated solutions of calcium chloride and potassium ferrocy- 
anide are mixed, a sparingly soluble crystalline precipitate falls, 
containing K2Ca"Fe^XJyQ . 


Ferricyanides, 

These salts are formed, as already observed, by abstraction of 
metal from the ferrocyanides ; in other words, by the action of 
oxidising agents. 

Potassium Ferricyanide, K3Fe'"Cyjj, or Kg(Fe2)’*Cyi2, often 
called red pi'ussiate of potash, is prepared by slowly passing 
chlorine, with agitation, into a somewhat dilute and cold solution 
of potassium ferrocyanide, until the liquid acquires a deep reddish 
green colour, and ceases to precipitate a ferric salt. The solution 
18 evaporated until a skin begins to form upon the surface, then 
filtered, and left to cool ; and the salt is purified by re-crystallisa- 
tion. It forms prismatic, or sometimes tabular crystals, belonging 
to the monoclinic system, of a beautiful ruby-red tint, permanent 
in the air, and soluble in 4 parts of cold water : the solution has 
a dark-greenish colour. The crystals burn and emit sparks when 
introduced into the flame of a candle. The salt is decomposed by 
excess of chlorine, and by deoxidising agents, as sulpnuretted 
hydrogen. 
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Hydrogen ferricyanide is obtained in the form of a reddish-brown 
acid liquid, by decomposing lead ^.rricyanide with sulphuric acid : 
it is very unstable, and is resolv i, by boiling, into hydrated ferric 
cyanide, an insoluble dark-green powder containing FegCy^.Saq., 
and hydrocyanic acid. The ferricyanides of ammoniurrij 

aqd of the alkaline earth-metals^ are soluble ; those of most of the 
otner metals are insoluble. Potassium ferricyanide added to a 
ferric salt occasions no precipitate, but merely a darkening of 
the reddish-brown colour of the solution ; with ferrous salts^ oii the 
other hand, it gives a deep blue precipitate, consisting of ferrous 
ferricyanide, FcgCy^g-f-iraq., or Fe" 3 (Fe 2 )’'‘Cyi 2 + i^aq., which, 
V'hen dry, has a brighter tint than Prussian blue : it is known 
under the name of TurnhulUs blue. Hence, potassium ferricyanide 
is as delicate a test for ferrous salts as the yellow ferrocyanide is 
for ferric salts. • 

CoBALTiCYANiDES. — This name is applied to a series of com- 
pounds analogous to the preceding, containing cobalt in jdace of 
iron ; a hydrogen-acid has been obtained, and a number of salts, 
which much resemble the ferricyanides. Several other metals of 
the same isomorphous family are found capable of rejilacing iron 
in these compounds. 

Nitroprusstdes. — These are salts produced by the action of 
nitric acid upon ferrocyanides and ferricyanides. The general for- 
mula of these salts appears to be M 2 (NO)Fe''Cyft, which exhiJiits a 
close relation to those of the ferro- and ferricyanides. 

The formation of the nitrojirussides appears to consist in the 
reduction of the nitric acid to the state of nitrogen dioxide or 
nitrosyl, NO, which rej)laces 1 molecule of metallic cyanide, MCy, 
in a molecule of ferricyanide, MgEe^'Cy^ . The formation of these 
salts is attended with the production of a variety of secondary i)ro- 
ducts, such as cyanogen, oxamide, hydrocyanic acid, nitrogen, car- 
bonic acid, &c. One of the finest compounds of this series is the 
nitroprusside of sodium, Na 2 (NO)Fe"C^y^-l -2 aq., which is readily 
obtained by treating 2 j>arts of powdered j^otassium ferrocyanide 
with 5 parts of common nitric acid previously diluted with its own 
volume of water. The solution, after the evolution of gas has ceased, 
is digested on the water-bath, until ferrous salts no longer yield a 
blue, l>ut a slate-coloured precijnfiite. The liquid is now allowed 
to cool, when much potassium nitrate, and occasionally oxamide, 
is deposited : it is filtered and neutralised with sodium carbonate, 
which yields a green or brown precipitate, and a ruby-coloured 
filtrate. This, on evaporation, gives a crystallisation of the nitrates 
of potassium and sodium, together with the nitroprusside. The 
crystals of the lat<,er are selected and purified by crystallisation ; 
they are rhombic and of a splendid ruby colour. The soluble 
nitroprussides strike a most beautiful violet tint with soluble sul- 
phides, aftbrding an extremely delicate test for alkaline sulphides. 
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ALCOHOLIC CYANIDES OR HYDROCYANIC ETHERS. 


These compounds play an important part in organic chemistry : 
we have already had occasion to notice them several times ^n 
speaking of the conversion of alcohols into acids containing a 
greater number of carbon-atoms. 

The cyanides of univalent alcohol-radicals may also be regarded 
as compounds of nitrogen with trivalent radicals : hence they are 
often called nitriles ; thus : 


Hydrogen cyanide, H . CN 
Methyl cyanide, C Hg.CN 
Ethyl cyanide, . CN 

Propyl c^an ide, C 3 H 7 . C / N 
Phenyl cyanide, CgHg.CN 


(C H )'"N Methenyl nitrile. 
(C^Hg/'^N Etlienyi nitrile. 
(Cgllgy'^N Propenyi nitrile. 
(C 4 H 7 y''N Quartenyl nitrile. 
(Cy H r,y''N Benzoni tril e. 


These alcoholic cyanides are produced : 

1 . By distilling a mixture of potassium cyanide and the potas- 
sium-salt of ethylsulphuric or a similar acid : 


KCN + (C2H,,)KS04 - K 2 SO 4 + C 2 H 5 .CN. 


2 . By the dehydrating action of phosphoric oxide on the am- 
inoniimi-salts of the corresponding acids containing the radicals 
CnH 2 n— lO and CnH 2 n~ 90 ; thus : 


CjjHgOa.NH^ 

Ammonium 

acetate. 


2H,0 

— 

C2H3N 

Kthenyl 

nitrile. 

Ammonium 

benzoate. 

— 

2 II 2 O 

= 

CrHsN 
Bcnzoniti ile. 


The bodies obtained by these two processes are oily liquids, 
exhibiting the same properties whether prepared by the first or 
the second method, excejiting that those obtained by the latter 
have an aromatic fragrant odour, whereas those prepared by the 
former have a pungent and repulsive odour, due to the presence 
of certain isomeric compounds, to be noticed further on. Methyl 
cyanide^ Ethenyl-nitrile^ or Acetonitrile^ boils at 77®; Ethyl cyanide^ 
or PropenyUnUrile^ at 82®; Bxdyl cyanide, or Valeronitrile, at 125®- 
128°; Amyl cyanide, or Capronitrile, at 146®; Phenyl cyanide, or 
Benzonitrile, at 1 90 ’G®. 

All these cyanides, when heated with fuming sulphuric acid or 
sulphuric oxide, undergo the decomposition already mentioned 
(pp. 742, 834), yielding sulpho-acids. By heating with caustic 
potash or soda, they are resolved into ammonia and the corre- 
sponding fatly or aromatic acid, just as hydrocyanic acid similarly 
treated is resolved into aimnonia and formic acid ; thus ; 
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HCN 

Hydrogen 

cyanide. 

+ 

2H2O = 

NH3 

+ 

CH3O3 

Formic 

acid. 

C^H-CN 

Ethyl 

cyanide. 

+ 

2H2O = 

NH3 

+ 

C3HA 

Pr<'pn>nic 

acid. 

C'oH,CN 

Phenyl 

cyanide. 

+ 

2 Hp = 

NH3 

+ 

C,H„03 

Benzoic acid. 


The alcoholic cyanides or nitriles, treated with nasc^ent hy- 
drogen, are converted into the corresponding amine-bases, e.g.: 

CNCH3 -f 2H, = NH,(CH,CH,) or C^HyN 

Mctliyl Etliylainine. 

cyanide. 

Ethene cyavule, -N)2, is obtained by distilling potassiuin 

cyanide with ethene bromide; 

4- 2K(^N = 2KBr + . 

It is a crystalline body, melting at 50°, and converted by alcoholic 
potash into ammonia and succinic acid : 

+ 4H2O = 2NH3 + 

Isocyanides, or Garbamines. — On examining the equations 
just given for the decomposition of the alcoholic cyaniiles under 
the influence of alkalis, it is easy to see that the reaction might lie 
supposed to take place in a different way, each cyanide or nitrile 
yielding, not ammonia and an acid containing the same number of 
carbon-atoms as itself, but an alcoholic ammonia, or amine, and 
formic acid ; thus ; 

C^H^.CN + 2H2O == NH2C2H, + CII, 0 , 

Etliyl Ethyl- Formic 

cyanide. amine. acid. 

In the one case the ah-ohol -radical remains united with the 
carbon, ju-otlucing a homologue of formic acid, together with 
ammonia ; in the other it remains united with the nitrogen, pro- 
ducing a homologue of ammonia, together with formic acid. 

A class of cyanides exhibiting the second of these reactions has 
been discovered by Dr Hofmann.* They are obtained by distil- 
ling a mixture of an alcoholic ammonia-base and chloroform with 
alcoholic jjotash ; for example ; 

CgH^N + CHCI3 == 3HC1 + CyHfiN 

Aniline. Chloro- Tiienyl- 

form. isocyanide. 

The potash serves to neutralise the hydrochloric acid produced, 

* Proceedings of the Royal Society, xvi. 144, 148, 150. 
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which would otherwise quickly decompose the isocyanide. Phenyl 
isocyanide, or phenyl-carhaniine, when freed from excess of aniline 
by oxalic acid, then dried with caustic potash and rectified, is an 
oily liquid, green by transmitted, blue by reflected light, and hav- 
ing an intolerably pungent and suffocating odour. It is isomeric 
with benzonitrile, and is resolved by boiling with dilute acids 
into formic acid and aniline : 


C,H,N + 2H,0 = CH^O^ + C«H,N. 


It is a remarkable fact that, whereas the noniial alcoholic cyanides 
are easily decomposed by boiling alkaline solutions, the isocy- 
anides are scarcely altered by alkalis, but are easily hydrated 
umler the influence of acids. 

The isocyaiiides of ethyl and <amyl have been obtaine*! by simi- 
lar processes; also by the action of et hylic and aniylic iodides on 
silver cyanide. They resemble the phenyl coin}K>und in their 
reactions, and are also characterised by extremely j)owerful odours. 
The repulsive odour j)ossessed by the normal alcoholic cyanides 
when prepared by distilling potassium cyanide with the ethyl- 
sulphate, apj>ears to be due to the presence of small quantities of 
these isocyanides. 

The difference of constitution between the normal c,yani<les and 
the isocyanides may be represented by the following formula?, 
taking the methyl comj)ounds for example : 

N=C- CH, or C" j C^X - CH 3 or N' j 

Cyanide. Tsoeyaiiide. 

In the isocyanide the carbon belonging to the alcohol-radical is 
united directly with the nitrogen ; in the cyanide, only tlirough 
tlie medium of the carbon belonging to the cyanogen. 

This ditterence of structure may perhaps account for the differ- 
ence in the reactions of the cyanides and isocyanides, under the 
influence of hydrating agents ; thus : 



+ 

HHO 

HlIO 

Methyl 


Water 

cyanide. 


(2 mol.) 


+ 

HHO 

HHO 

Methyl 


Water 

isocyanidc. 


(2 mol.) 


( CIT3 

NH 3 + C ^ O" 
(OH 

Ammonia. Acetic 

acid. 

Mothylamlne. Formic 

acid. 


The isocyanidea of methyl and ethyl (methyl- and 
hamines) unite with acids, fornuug cryslallisable salts. 


otliyl-car- 
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Cyanic and Cyanuric Acids. 

These are two remarkable polymeric bodies, related in a very 
close and intimate manner, and presenting jdienomena of great 
interest. Cyanic acid is formed as a potassium-salt, in conjunction 
with potassium cyanide, when cyanogen gas is transmitted over 
heated hydrate or carbonate of j)otassium, or passed into a solu- 
tion of the alkaline base, the action resembling that by which 
potassium chlorate and j)otassiiim chloride are generated when 
chlorine is passed into a solution of potash (p. 187). Potassium 
cyanate is, moreover, formed when the cyanide is exposed to a 
high tein])erature with access of air: unlike the chlorate, it bears 
a full red heat wit hout decomposition. 

Cyanic Acid, CNHO, is produced when cyanuric acid, de- 
prived of its water of crystallisation, is heated to dull redness in 
a hard glass retort connected with a receiver cooled by ic.e. The 
cyanuric acid is resolved, without any other pi'oduct, into cyanic 
acid, which condenses in the receiver to a limjud, colourless 
liquid, of excieedingly pungent and penetrating odour, like that of 
the strongest acetic acul : it even blisters the skin. When mixed 
with water, it decomposes almost immediately, giving rise to 
ammonium bicaibonate : 

CNHO + ILJO = CO^ + NH 3 . 

In conse<iuence of this deconij)osition, cyanic acid cannot be 
separated from a cyanate by a stronger acid. A trace of it., how- 
ever, always escapes decomposition, and communicates to the carbon 
dioxide evolved, a j)ungent smell similar to that of sulphurous 
acid. The cyaiiates may be easily distinguished by this smell, 
and by the simultaneous formation of an ammonia-salt, which 
remains behind. 

Pure cyanic acid cannot be preserved : shortly after its i)rcpara- 
tion it cininges spontaneously, with sudden rise of temperature, 
into a solid, white, opaque, amorphous substance, called cymnelide. 
This body has the same comi)osition as cyanic acid ; it is insoluble 
in water, alcohol, ether, and dilute acids : it dissolves in strong 
oil of vitriol by the aid of heat, with evolution of carbon dioxide 
and production of ammonia; boiled with a solution of caustic 
alkali, it dissolves, ammonia being disengaged, and a niixture of 
cyanate and cyanurate of the base generated. By dry distillation 
it is again converted into cyanic acid. 

Potassium Cyanate, CNKO. — The best method of prei)aring this 
salt is to oxidise potassium cyanide with litharge. The cyanide, 
already contaijiing a portion of cyanate, described at page 848, 
is remelted in an eailhen crucible, and finely powdered lead oxide 
added by small portions; the oxide is instantaneously reduced, and 
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the metal, at first in a state of minute division, ultimately collects 
to a fused glolnile at the bottom of the crucible. The salt is 
poiu*ed out, and, when cold, powdered and boiled with alcohol; 
the hot filtered solution deposits crj’^stals of potassium cyanate 
on cooling. The great deoxidising power exerted by pofiissium 
cyanide at a high temperature promises to render it a valuable 
agent in many of the finer melalmrgic operations. 

Another method of preparing the cyanate is to mix dried and 
finely powdered potassium ferrocyanide with half its weight of 
equally dry manganese dioxide ; heat this mixture in a shallow 
iron ladle, with free exposure to air and frequent stirring, until 
the tinder-like combustion is at an ^nd ; and boil the residue in 
alcohol, which extracts the potassium cyanate. 

The salt crystallises from alcohol in thin, colourless, tiansparent 
plates, which sufter no change in dry air, hut on exposure to 
moisture, are gradually converted, without much alteration ot 
appearance, into j)otassium bicarbonate, ammonia being at the 
same time given off. Water dissolves potassium cyanate in large 
quantity; the solution is slowly decomposed in the cokl, and 
rapidly at a boiling heat, into potassium bicarbonate and ammonia. 
Wiien a concentrated solution is mixed with a small quantity of 
dilute mineral acid, a precipitate falls, consisting of acid potassium 
cyanurate. Potassium cyanate is reduced to cyanide by ignition 
with charcoal in a covered crucible. Mixed with solutions of 
lead and silver, it gives rise to white insoluble cyanates of those 
metals. 

Ammonium Cyanate^ CN2H4O, or NH4CNO — Urea . — When the 
vapour of cyanic acid is mixed with excess of ammoniacal gas, a 
white, crystalline, solid substance is produced, which has all the 
characters of a true, although not neutral ammonium cyanate. 
It dissolves in water, and if mixed with an acid, evolves carbon 
dioxide ; with an alkali, it yields ammonia. But if the solution 
be heated, or if the crystals be merely exposed for a certain time 
to the air, a portion of ammonia is dissipated, and the pro- 
perties of the compoimd are completely, changed. It may now 
be mixed with acids without the least sign of decomposition, 
and does not evolve the smallest trace of ammonia when treated 
with cold caustic alkali. The result of this curious metamor- 
phosis of the cyanate is urea, a product of the animal body, 
the chief and characteristic constituent of urine. This transfor- 
mation, the discovery of which is due to Wohler, is especially 
interesting as the first instance of the artificial formation of a 
product of the living organism. The properties of urea, and 
the most advantageous methods of preparing it, will be found 
described further on. 

Cyanuric Acid, C3N3H3O3. — This substance may be pre- 
pared by heating dry and pure urea in a flask or retort ; the urea 
melts, boils, gives off ^immonia in large quantity, and at length 
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becomes converted into a dirty-white, solid, ainorplious mass, 
which is impure cyanuric acid. This i? dissolved by the aid of 
heat in strong oil of vitriol, an " nitric acid added by small por- 
tions till the liquid becomes nearly colourless : it is then mixed 
with water, and left to cool, whereupon the cyanuric acid sepa- 
rates. The urea may likewise be decomposed very conveniently 
by gently heating it in a tube, while dry chlorine or hydrochloric 
acid gas passes over it. A mixture of cyanuric acid andgpil- 
ainmoniac results, which is separated by dissolving the latter in 
water. The reaction with chlorine is represented by the equation : 

SCONgH, + CI3 = C3N3H3O3 + 2NH4CI -f HCl + N. 

Cyanuric acid forms colourless efflorescent crystals, seldom of 
large size, derived from an oblique rhombic prism. It is very 
little soluble in cold water, and re(juires 24 parts for solution at a 
boiling heat : it reddens litmus feebly, has no odour, and hut little 
taste. The acid is tribasic : the crystals contain C3N3H3O3. 2 aq., 
and are easily deprived of their water of crystallisation. In point 
of stability, cyanuric acid oifers a most remarkable contrast to its 
isomeride, cyanic acid ; it dissolves, as above indicated, in hot oil 
of vitriol, and even in strong nitric acid, without decomj)osition, 
and, in fact, crystallises from the latter in the anhydrous state. 
Long-continued boiling with these powerful agents resolves it into 
ammonia and carbonic t^id. 

The connection between cyanic acid, urea, and cyanuric acid, 
may be thus recapitulated : 

Ammonium cyanate is converted by heat into urea. 

Urea is decomposed by the same means into cyanmac acid and 
ammonia. 

Cyanuric acid is cdianged by a very high temj^erature into 
cyanic acid, one molecule of cyanuric acid s^jlitting into three 
molecules of cyanic aedd. 


Cyanic and Cyanuric Ethers, 

Of each of these ethers there are two series, corresponding to 
the alcoholic cyanides and isocyanides. The dilference of their 
structure is exhibited by the following formula?, taking the methyl- 
compounds as examples : 

N=C— O— CH3 or C j O— C— N— CHa or N j 

Normal cyanate. Isocyanate. 

The corresponding cyanuric ethers are represented by the for- 
mula, (Jg j (c|‘ch3)3 . 
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The normal cyanic ethers, discovered by Cloez, and the normal 
cyanuric ethers, discovered by Hofmann,* are produced simultane- 
ously by the action of gaseous cyanogen chloride on the sodium- 
alcohols : normal ethyl cyanate, for example, from cyanogen 
chloride and sodium ethylate ; thus : 

+ NaOC^j + NaCl + C j 

They are decomposed by water, assisted by acids or bases, into 
cyanic or cyanuric acid and an alcohol : e.g. : 

ojoCA + HOH - HOC* + 

Tlie cyanates of methyl, ethyl, and amyl are colourless, oily 
liquids, decomposed by heat into a volatile portion and a solid 
residue. The corresponding cyanurates are crystalline solids. 

The isocyanic and isocyanuric ethers, or alcoholic 
carbimides, are produced simultaneously by distilling a dry 
mixture of potassium cyanate and methylsulphate, ethylsulphate, 
&c., e,g.: 

j,|gX)r + ^ 

Ethylic isocyanate and isocyanurate thus obtained are easily 
separated by distillation, the former boiling at 60®, the latter at 
276®. The former is a mobile liquid, the latter a crystalline solid, 
melting at 85®. The isocyanurate may likewise be obtained by 
distilling a mixture of potassium cyanurate and ethylsulphate. 

The ethers of this class, when heated with a strong solution of 
caustic alkali, are resolved into carbon dioxide and an alcoholic 
.ammonia or amine, e.g. : 

+ H.O - CO, + 

Methyl Isocyanate. Methylamine. 

Fulminic Acid, CgN^H^Og. — This remarkalde compound, 
which is polymeric witn cyanic and cyanuric acids, originates 
in the peculiar action exercised by nitrous acid upon alcohol in 
presence of a salt of silver or mercury. The acid itself, or hydro- 
gen fulminate, has not been obtained. 

Silver fulminate is prepared by dissolving 40 or 50 grains of 
silver, which need not be pure, in about f oz. by measure of nitric 
acid of sp. gr. 1*37, with the aid of a little heat. ' To the highly 
acid solution, while still hot, 2 measured ounces of alcohol are 
added, and heat is applied until reaction commences. The nitric 
acid oxidises part of the alcohol to aldehyde and oxalic acid, be- 

♦ The isocyanic and isocyannric ethers having been discovered first (by 
Wurtz in 1848), were originally called cyanic and cyanuric ethers. 
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coming itself reduced to nitrous acid, which, in turn, acts upon 
the alcohol in such a manner as to forufc nitrous ether, fulminic 
acid, and water, 1 molecule of nitrous ether and 1 molecule of 
nitrous acid containing the elements of 1 molecule of fulminic 
acid and 2 molecules oi water : 

C2H5NO, + HNO2 = C2N2HA + 2H2O. 

The silver fulminate slowly separates from the hot liquidj^in 
the form of small, brilliant, white, crystalline plates, which may 
be washed with a little cold water, distributed upon separate pieces 
of filter-paper in portions not exceeding a grain or two each, and 
left to dry in a warm place. When dry, the papers are folded up 
and preserved in a box. The only perfectly safe method of keep- 
ing the salt is by immersing it in water. Silver fulminate is 
soluble in 36 parts of boiling water, but the greater i)urt crystal- 
lises out on cooling : it is one of the most dangerous substances 
known, exploding with fearful violence when strongly heated, or 
when rubbed or Kstruck with a hard body, or when touched with 
concentrated sulphuric acid : the metal is reduced, and a laige 
volume of gaseous matter suddenly liberated. Strange to say, it 
may, when very cautiously mixed with copper oxide, be burned 
in a tube with as much facility as any other organic substance. 
Its composition thus determined is exj)ressed by the formula 

Fulminic acid is bibasic : when silver fulminate is digested with 
caustic potash, one-half of the silver is preci 2 )itated as oxide, and 
a silver - potassium fulminate j AgK 02^202? produced, which 

resembles the neutral silver-salt, and detonates by a blow. Cor- 
responding compounds containing sodium or ammonium exist; 
but a pure fulminate of an alkali-inetal has never been formed. 
If silver fulminate be digested with w'ater and copper, or zinc, the 
silver is entirely displaced, and a fulminate of the other metal 
produced. The zinc-salt mixed with baryta- water gives rise 
to a precipitate of zinc oxide, while zinco-baric fulminate^ 
Zn"Ba^(C2N202)2, remains in solution. — Mercuric fulminate^ 
is prepared by a process very similar to that by 
which the silver-salt is obtained. One part of mercury is dis- 
solved in 12 parts of nitric acid; the solution is mixed with an 
equal quantity of alcohol ; and gentle heat is ajqdied, the reaction, 
if too violent, being moderated by adding more spirit from time 
to time. Much carbonic acid, nitrogen, and red vapours are 
disengaged, together with a large quantity of nitrous *ether and 
aldehyde : these are sometimes condensed and collected for sale, 
but are said to contain hydrocyanic acid. The mercuric ful- 
minate separates from the hot liquid, and after cooling may be 
purified from an admixture of reduced metal by solution in boil- 
ing water and re-crystallisation. It much resembles the silver- 
salt in appearance, properties, and degree of solubility. It explodes 
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NO 2 . The connection ot fuliuinic acid with the luethyl series is 
thus established. 

Fulminuric Acid, — Tliis acid, isomeric with cyan- 

uric achl, was discoveretl simuliuneously ])y Liehio and by 
Schischkoff. It is (jbtained by the action of a soluble chloride 
upon mercuric fulminate. On boiIin<^ mercairic fulminate with an 
aqueous solution of potussiiim chloride, the mercury salt gradually 
dissolves, and the cle^ir solution, after some tiiin;, j>ecornes turbid, 
ill consequence of a separation of mercuric oxide ; it then contains 
potassium fulminurati*, ; 

3Hg"C2NP2 + 8KC1 +, H 2 O - 4KC1 + SHgCL, + Hg"0 + 

2C3N3HK2O3. 

If, instead of potassium chloride, sodium or ammonium chloride 
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l>e omjiloyecl, the rorrespoiKlinj? aodiinn and aninioniuin-conipounds 
ure obtained. The fulniiniimtes crystallise with ;p-eat facility: 
they are not exjdosive. 

Vulminnric a(*id has the saine com])ositi(jn as cyanuric acid, but 
it is monobasic, whereas cyanuric acid is tribusio. 

Cyanogen Chlorides. — CMiloriiie forms wdth cyanogen, or its 
elenienls, two compounds, which are polymeric, and correspond to 
cyanic and cyanuric acdds. Gaseous cyanogen chloride^ CyCl, is 
formed by passing chlorine gaa into anhydrous hydrocyanic acid, 
or by passing chlorine over moist mercuric cyanide contained in a 
tube filieltereii from the light. It is a permanent and colourless 
giis at the temiierature of the air, of insupjiortable pungency, and 
soluble to a very considerable extent in water, alconol, and ether. 
At — 18® it coimeals to a rnaas of colourless crystals, which at — 15® 
melt to a liquid whose boiling point is— 11*6®, At the tempera- 
luix* of the air it is condensed to the liquid form under a pressure of 
four atmosplKires, and when long preseived in this state in herme- 
tically scaled tubes, gradually jiasses into the solid modification. 

On passing gaseous cyanogen chloride into a solution of ammonia 
in anhydrous etlier, ammonium chloride is deposited, and the 
ether contains cyanamide, CNgHo, in solution, from which it 
HciKimtes on eviii)oration in the crystalline form. (.Vanamide is 
easily soluble in water, alcohol, and ether ; it melts at 40®. 

cynnogeu chloride^ C or Cy JCI 3 , is generated when 

anhvtlrous hyilrocvanic acid is jml into a vessel of chlorine gas, 
and tlie wliole exposi'd to tlie sun : hydrocliloric acid is formed at 
the same time. It forms long colourless needles, Avhich exhale a 
powerful and offensive odour, compared by some to that of the 
excrt*ment of mit‘e ; it melts at 140% and suhlimes unchanged at a 
higher tem]>eratnre. When heated in contact with water, it is 
dccomjHised inl<» cyanuric ami hydrochloric acid. It dissolves in 
alcoliot and ether Avithout decom]>osition. 

Gyniunji u Broinidv and Iodide correspond to the first of the pre- 
ceding comjiouiids, and are prej^ired by <1istilling bromine or iodine 
Arith mercairic cyanide. They are colourless, volatile, solid sub- 
stances, of })o\verful odour. 

Cyannijn) Sulphidey or CVoS, recently obtained by lun- 

munann by the action of cyanogen iodide upon siher sulphocy- 
aiiat*‘, crystallises in transparent, volatile, rhombic plates, having 
an (Kh)Ur similar to that of cyanogen iodide. It melts at 60% but 
dec'.omposes rapidly at a higher temperature ; dissoh^e^in ether, 
alcohol, and Avater,"and separates from hot concentrated solutions, 
on cooling, in the crystalline form. 

Sulphocyanic Acid, ONHS. — This acid is the sulphur 
analogue of cyanic acid, and, like the latter, is monobasic, the 
sulidiocA'anates of monad metals being rejiresented bv the for- 
mula MCNS. 

3 1 
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Potassium Siilphocyanatey CNKS. — To prepare tliis salt, yellow 
poiassiuiii ferrocyaiiide, depiived of its water of crystallisjition, is 
intimately mixed with half its weight of sulphur, and the whole 
heated to tranquil fusion in an iron pot, and kej)t for some time in 
that condition. When cold, the melted mass is boiled Avith water, 
which dissolves out a mixture of potassium aiilj)hocyanale and iron 
suli)hoL*yaruite, leaving little behind but the excess of sulphur. 
This solution, which becomes red on exposure to the air, from 
oxidation of the iron, is mixed with potassium carlionate, by 
wdiich the iron is j)recipitaled, and potassium substituted ; an 
excess of the carbonate must be, as far as possible, avoided. The 
filtered liquid is concentrated, by evaporation over an open fire, 
to a small bulk, and left to cool and crystallise. The crystals 
are drained, j>urified by re-sol ul ion, if necessary, •>r dried by 
enclosing them, spread on filler-i)uper, over a surface of oil of 
vitriol covered with a bell-jar. 

The reaction between the sulphur and the potassium ferrocy- 
anide is reju’esented by the equation : 

+ Sg = 4KONS + Fe'XCNS)^. 

Another, and even better process, consists in gradually heating 
to low redness in a covered vessel a mixture of 46 jiails of dried 
potassium ferrocyanide, 32 of sulphur, and 17 of jnire ])otasHiuni 
carbonate. The mass is exhausted with water, the a<pieous solu- 
tion is evaporated to dryness, and the residue is exhausted with 
alcohol. Tlie alcoholic li(|uid deposits splendid crystals on cooliiig 
or evaporation. 

Potassium sulphocyanate crystallises in long, slender, colourless 
prisms, or plates, Avhich are anhydrous : it has a bitter saline 
baste, and is destitute of ])oisonoiis jnopertics ; it is very soluble 
in water and ah ohol, and deliquesces when exposed to a moist 
atmosphere. When heated, it melts to a colourless liquid, at a 
temj)erature far beloAv that of ignition. 

Chlorine, passetl into a strong solution of potassium su]>ho- 
cyanate, throws down a large quantity of a bulky, deep yellow^, 
insoluble substance, formerly called sulpho cyanogen, from its 
sui)posed identity Avith the radical of the suljdiocyanates ; it is, 
hoAvever, invariably foiua I to contain hydrogen, and is represented 
by the formula C3N3HS3. This yellow su}>stance, now generally 
called persul])hocyanogen, is quite insoluble in water, alcohol, 
and ether. When heated in the dry state, it evoJv^es sulphur and 
carbon Itlsulphide, and leaves a pule, straw-yellow substance, 
called hydromellone, OgNyll^, the decomj)osition being repre- 
sented by the equation : 

3C3N3HS3 = 3CS2 + S3 -f- 

Hydrogen SulpJmymiate, or Sulphocyanic Acid, HCNS, is ob- 

by decomposing lead sulphocyanate, sus]')ended iii Avater, 
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with sulplmretted hyclroi^ciii. The filtered Kolutioii is colourless, 
very acid, and not poisonous ; it is easily decomposed, in a very 
complex manner, by ebiillitioji, and by exposure to the air. By 
neutralising the li(|uid with ami onia, and evayjoratin^ very gently 
to Ary Hitl2)li^c}fanate^ NH^CNS, is obtained as a 
delicpiescent, saline mass. The salt may be conveniently ju'opared 
by digesting hydrocyanic .acid with yellow ammonium sulj)hide 
(containing excess of sulphur), an<l boiling off the excess of the 
latter : 2HCN + (NHJ,S + + 2 (NH 4 )(JNS. The sul- 

phocyanates of sodium^ barium^ atrontium^ calchiitiy muiiKjavci^e^ and 
iron^ are colourless and very soluble ; those of lejul and silver are 
white and insoluble, A soluble sul])hocyanate mixed with a ferric 
salt gives no preci])itat(*, but causes the liquid to assume a deep 
blood-red tint : hence the use of potassium sulphocyanate as a 
lest for iron in the state of ferric^ salt. The red colour produced 
by sulphocyanates in ierric solutions is exactly like that caused 
under similar circaimsj.ama*s liy meconic acid. The two sub- 
stances may, howt^ver, be readily distinguished by the addition 
of a solution of gold cliloride, which destroys the colour produced 
by sulphocyanates. The ferric meconate may also be distinguished 
from the sulphocyanate by an ad<lition of corrosive sublimate, 
which bleaches the sul])hocyanate, but has little effect upon the 
meconate. This is a ]K)int of considerable practical imj>ortance, 
as in medico-legal in([uiries, in which evidence of the presence of 
o[aum is sought for in conijdex organic mixtures, the detection of 
meconic acid is usually the object of the chemist : and since 
traces of alkaline suIf>liocyanate are to ])e found in the saliva, it 
bt^'omes vary desirable to remove that source of error and am- 
biguity. 

The great facility with which hydrocyanic acid may be converted 
into amnionium suljdiocyanate enables ns to ascertain its presence 
by the iron test just described. The cyanide to be examined is 
mixed in a watch-glass with some hydrochloric acid and covered 
with another watch-glass, to which a few droj)s of yellow am- 
monium siiljdiide adhere. On healing the mixture, hydrocyanic 
acid is disengaged, whitdi combines with the ammonium sulphide, 
and proiluces ammonium sulphocyanate: this, after exi)ulsion of 
the excess of sulj)hi<le, yields the red colour with solution of ferric 
chloj'ide. 

Sulphocyanic others. — These ethers exhibit isujiieric modi- 
fications, analogous to those of the alcoholic cyanates and iso- 
cyanates (p, 801). The normal suljdiocvanales of methyl and its 
homologues were discovered by (\ihours; and Hofmann has 
obtained the corrt'sjKmding isosiilphocyanatos. The siime chemist 
some yviiYH ago obtained phenyl isosiilphocyanate. Allyl isosiil- 
])hocyanate has long been known as a natural product. 

Normal Ethyl Sutphoryanate, C | j is obtained l>y saturat- 
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iiiji; a concentrated solution of potassium sulphocyanate with ethyl 
chloride : 


C 


I 


N 

SIC 


+ 




KCl 




N 

saH, ’ 


also by distilling a mixture of ealciiim ethylsiilphate and ])ota.ssiiiiu 
sulphocyanate. It is a mobile, colourless, strongly refracting 
liquid, having a somewhat pungent odour like that of mercaptan. 
It boils at 14(J°. With ammonia it does not combine directly, but 
yields products of decomposition. 

The methyl and amyl suljdiocyanic ethers resemble the ethyl 
coinpouinl, and are obtained by similar processes. The methyl 
ether boils at about the amyl ether at li)7^. 


Ethyl Isosulphoajanate, or E thy lie Sidp)hocarhimuh ^ X j , 

is ])roduced by distilling diethyl-siilphocarbamide with phos])horir 
oxhle, which abstracts ethylaiiiine : 



Dietliyl-sulplio 

carbiimiflc. 


X 


J 1^. 


Etliylamine. 




Kthyl isosul- 
phocyaiiate. 


This ether ditfers essentially in all its ])roperties from ethyl sul* 
phocyanate. It boils at 134'^, and has a ])owerfuUy irritating odour, 
like that of mustard-oil, a?i(l quite different from that of normal 
ethyl sulphocyanate. It unites directly with ammmjia in alcoliolic 
solution, forming ethylsul])liocarbamide, N 2 (CS)"'(t\ 2 llOIl 3 , and 
forms similar conipounds with methylainine and ethylamine. Tin* 
pungent odour and the direct combination with ammonia and 
amines, are characteristic of all the ethers of this grouj). 

Phenyl Isosutphocyanate^ X(CS)"(f \jllr,), is obtained by dis- 
lilling phenysulidiocarbainide, X 2 (CS)"((^bH JHg, with phosphoric* 
oxide; najihtliyl isosiilphonjanate^ X(CS"(CjfjH 7 ), in like manner 
trom dinaphthylsuljdiocarbaniide. The former boils at 22(V^. 

Allyl laomlplwcyawife^ or A Hylic ^ulphocarbimide^ N < ^ • — 

This is the intensely jmngent volatile oil obtained by distilling 
the seeds of black mustard with water. It does not exist ready- 
formed in the seeds, but is produced by the decom])osilion "of 
myronic acid under the inlluence of myrosin, an albuminous sub- 
stance analogous to the synaptase of bitter almonds (see ]>. (>40), 
The same compound, or perhaps its isomeride, normal ethyl sulpho- 
cyanate, is produced by the action of potassium sulpliocyanate or 
silver sulphocyanate on allyl iodide or allyl oxide. Oil of mustard 
is a transparent, colourless, strongly refractijig oil, possessing in 
the highest degree the sharp penetrating odour of black mustard. 
The smallest quantity of the vapour excites tears, and is apt to 
produce inflammation of the eyes. It has a burning taste, and 
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Ta])idly blisters the skin. Its specific gravity is 1*009 at 15°. It 
boils at 148° It is sparingly soluble in water, easily soluble 
in alcohol and etlier ; dissolves sulphur and xdiosphorua when 
heated, and dcq^osits tliem in the ci*ystalline state on cooling. It 
is violently oxidised by nitric and by nitroniuriatic acid» Heated 
in a seahni lube with ])otassiuni monosuli)hide, it yields potassium 
suli>hocyanate and allyl sulx>hide (volatile oil rtf gfir lie, p. 613) : 

2 {(\,Hr,WC^ + == 2 KCiVS + (<^3115)2^. 

It Iik(iwise yields garlic oil when decomposed by potassium. Heated 
to inaseale<l tube with jailverised soda-lime, it yields sodium 
sul phocyaiiate and allyl oxide, the oxidised constituent of garlic 
oil : 

2((\,H,)N(\S + Xa./) =. 2 XaCNS + (C3H,),0 . 

Atpieous x)olash, soda, baryta, and the oxides of lead, silver, and 
mercury, in juesence of Wfiter, convert oil of mustard into sinap('- 
liiie, (VH,..X.,(), with formation of metallic suhdiide and car- 
Ix.nate; thus:" 

2 ((' 3 H-,)X( 'S + ;iP ))0 + H/) = 2 P 1 )S + P])C 03 + C7H12N3O . 

Sinapoline is a basic substance, which crystallises in colourless 
]>lates, soluble in water and alcohol, and having a distinct alkaline 
r(*a(dion. 

Oil of mustard tinit<*s readilv with amnumia, forming thiosina- 

mine, (\jfbXS. XH^, (U* ally l-sulj)hocarbamide, X^ < (vjH^, 

( Ho 

which is also a basic com]K)iuid, forming colourless prismatic 
crystals, having a l)ilter taste, and soluble in water. The solution 
does not allect test-[»aper. Thiosinamine melts when heated, but 
rannot be sublimed. Acids combine with it, but do not form 
crystallisable salts; tlie double salts of the hydrochloride with 
))latinic and mercuric chloriile are the most definite. 

ThiosiTuimiiie is decomposed by metallic oxides, as lead oxide 
f)r Jiierciiric oxi<le, with ]>rodiictioii of a metallic sulphide and 
sinamine, C^H^.X^, a basic compound Avhich crystallises very 
slowly from a concentrated acjueous solution in brilliant, colour- 
less crystals containing water. It has a xwwerfully bitter taste, is 
strongly alkaline to test-paper, and decomposes ammonium-salts at 
the boiling heat. Its oxalate is crystallisable. The formation of 
sinamine frem thiosinamine by the action of mercuric oxide is 
vepreseiite<l by the e(piation, 04113X38 + HgO == HgS + H3O + 

O4H3X2 . 

Seleniocyanates. — A series of salts containing selenium, and 
con’espoiiding in coinj)osil,ion and properties with the snlpho- 
cyanate.s, have l>een discovered and examined by Mr. Crookes.* 

♦ irounml of the Chemical Society, iv. 12. 
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Melaxn, CflHgNjj. — This name ia jL^iveu by Liel)ig to a biifF- 
coloured, inaoluble, iiiiior[)hoiis aubataiice, obtained by the distil- 
lation of amiiionimn suJphocyanate at a hi^li teni])erature. It 
may be prepared in lar^e <[uantity by intimately mixinjj; 1 part 
of perfectly dry potassium siilphocyanate with parts of j)ow- 
dered sal-ammoniac, and heatin^jj the mixture for some time in 
a retort or flasl^; carbon bisuljjhiile, ammonium sulphide, and 
sulphuretted hydro;LJ:eu, are disen^^a'^ed and volatilised, while a 
mixture of melani, ])otassiiim chloride, and sal-ammoniac remains; 
the two latter substances are nanoved ]>y washing with hot 
water. IVlelam dissolves in couceiitrated sul}»huric acid, and 
gives, by dilution with water and long boiling, cvanuric acid. The 
same substance is j)roduced, wdth disengagement of ammonia, 
wdieii melam is fused with potassium hydrate. Wiam strongly 
heated, melam is resolved into mellone and ammonia. 

If melam ])e boiled for a long tiim* in a inod(*rately strong 
solution of caustic potash, until the whole is dissolved, and the 
lupiid be then concentrated, a crystalline substance separates on 
cooling, which is called melamine. By re-crystallisati(m it is 
obtained in coloiirle-s crystals, havdng the figure* of an octohedron 
with rhombic base; it is but sliglitly soluble in cold w^ater, fusil»le 
by heat. Melamine is also formed on heating evanamide to IbO^ 
and evam on eva|)oratiiig an a<jue(ais solution of that substance. 
It contains and acts as a base, combining w ith acids to 

form crvstallisable compoumls. A secorul basic substance, called 
ammeline, very similar in projierties to m<*lamine, is found in 
the alkaline mot}ierdi<pior from whit li the melamine has se])arated; 
it is thnuvn dowm on iientralising the liquid w ith a(*eticacid. The 
precijiitate, dissolved in ililute nitric acid, yiehls crystals of amme- 
line nitrate, from wdiich the jaire ammeline may Ik* se])aratt*d by 
ammonia. It forms a glistening wdiite jiowder com]»osed of minute 
needles, insuluble in waiter and alcohol, and contains (\,II^Nr,0. 
When ammeline is di^solv'ed in cr>nccntrated sulphuric acid, and 
the solution mixed with a large quantity <>f waiter, or, lietter, 
spirit of wine, a white, insolulile ]»owaler falls, wdiich is calle(l 
ammelide, and Is fnund to contain . 

By the action of acids or alkalis, mehunim* may b(* converted 
into ammeline, ammelide, ami, lastly, into cyanuric aci(l, water 


being assimilated and 

ammonia 

ev(dved : 




4 - 

H/) 

c,ri,N,o 

Ammeline. 

+ 

NH 3 

2C,H,N,0 

Ammeline, 

+ 

H,0 

= C„II„N„(), 

Ammelide. 

+ 

N1I3 

Ammelide. 

+ 

3H.,0 

= 203 H,N,(),, 

Cyanuric acid. 


3 NH 3 
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Mellone and its Compounds. — The formation of inellonc as 
a residuary product of the action of heat on jjcrsuljdiocyanogen, 
and upon ineluig, has been already mentioned. Tliis substance, 
which does not ap]>ear to have 1 en obtained in a state of ])urity, 
possesses the properties of an orj^ani(i radical. At ahi^di teiny>era- 
ture it combines dire(*lly witli ])otassium, ])roducing a well-detin ed 
saline com]>ound, trijiotanHic me/lonidt'.^ and the same salt 

is ])roduced in the action of mellone u])on ]>otassium biomide and 
iodide, bromine and iodine being liberated. A better met I kkI of 
prej)aring it consists iji fusing crude mellone with jK)tassium sul- 
])liocyanate. It may also be ])roduced by melting the ferro(yanide 
with half its weiglit ()f sulphur. The fused mass obtaiiied by 
either process is dissolved in boiling water, from which the tri- 
])otassic mellonide crystallises on cooling, and may be ])urified Iw 
repeated crystallisation. Acetic acid converts tliis salt into dipo- 
7nfil(tHidf% K^H( FI j 3 , which is also soluble. Hydrochloric 
acid jwodiices tlie iHfynopohtsair salf^ KlbX\jNj 3 , which is insoluble. 
These three salts stand to eaidi other in tin* same relation as the 
.s(‘V(*ral salts of pho*<phoi*ic aial <*yanuric acids. Tripotassic meb 
lonide yu’oduces, with soluble silver salts, a white ]>recipitate, 
Ag./\,H^.j; with lead salts and mercury salts, pre(*i]>i tales ('(mtain- 
ing resy)(‘c1ively F*bj(( \,1 1 j j)^ and Hg.,(( \)H The latter, dis- 
solv(*d in hydrocyani(' acid and treated with sul])hui*(*tted hydrogen, 
yields liifdromellonic acid, which is known only in solu- 

tion, has an acid taste, and is decomj)Osed by t‘vaporation. 


Compound Ammonias or Amines. 

These nann^s are given to a class of compounds derived from 
ammonia, by subslit iilion of alcohol-radicals for hydrogen, 

these radicals l>eii]g either monatomic or jxdyattnnic ; the substi- 
tution may take plact* in one, Ivo, ora greater number of ammonia 
moha'ules, thus giving rise to monamines, diamines, Iria- 
mines, ^l(»reover, the nitrogen in these bases may be 

replaced by ydiosj thorns, arsenic, or antimony, giving rise to 
jtliosjth i n es, arsines, and sti bines, bases analogous in coin- 
position and properli(‘s to the amines. The natural organic bases, 
or alkaloids, found in plants, and certain artificial bases whose 
constitution has not been very exactly made out, will be treated 
in an appendix to tlie alcoholic ammonias. 

AMINES DERIVED FROM MONATOMIC ALCOHOLS. 

Ammonia, NbL,, may give up one, two, or all three of its 
hydrogen-atoms in exchange for univalent alcohol-radicals (methyl 
and its homologues, for examyde), jtrodiicing primarily secondary^ 
and fertiary mninea. If A, B, C denote three such alcohol-nidicals, 
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lYhiirtjy S«voiitlan’. Tvrthry. 

In the eecumlary and feitiarv amines the Hliohol-mlicnh donoted 
by A, B, C.' may be either the siime or iliilerent Ibr example : 

Secondary. Torfiary. 


N 


i t’H., 
C’H, 

(h 

inmcth) 1 - 

ainine. 


N 


i ('H, 
CM, 

(» 

Methyl- 

ethylaininc. 


N 


Cll, 

( cn, { 


X \ CH., X \ 

U'H 

\ cj, \ 


(’if, 

cj, 

CJI, 


Triniethyl- 

aiiiinc. 


Dinifthyl- 

ethylumiiie. 


11 

Metliyl-cMiyl- 

jiinyhiinine. 


It is clear that amines containing only univalent alcohol-radicals 
must l)e derive<l from only one molecule of ammonia; for to bind 
together two or more such molecules would r(iiij[uire the introduc- 

X i 

tion of a polyatomic radical : thus ^ < (C2ir4y^ ^ stable com- 

pound, but such a comjiound as ^ would sjdit up into 

two molecules, each consisting of N < . In other wonls, 

amines derived from monatomic alcohols must l>e monamines. 

These amines are basic compounds more or less resembling 
amriiouia in odour, ha\nng an alkaline reaction on vegetable 
colours, and uniting with acids to form salts wduch are analogous 
in comiiosition to the ammonium-salts, and, like the latter, may 
be regarded either as comjMjunds of ammonia-molecules with 
acids, or of ammonium-molecules w ith halogen elements and acid 
radicals analogous thereto (see j). 343 ) ; thus : 


NH3 

Ammonia. 

+ HCl 

= NH4.CI, 

Ammonium ch 1 0- 
rid(‘. 

Ethyl- 

amine. 

4 - HCl 

= XH3(C2H3).C1, 

Ethyhimmonium 

chloride. 

XH(C,H3)2 

Diethyl- 

amine. 

+ HCl 

XH3(C3H3)3.C1, 

Diethylarnmoniiim 

chloride. 

N(C,H3)3 

Triethyl- 

amine. 

-f- HCl 

= NH(C3H3)3.C1, 

Triethylammonium 

chloride. 

2 mH .)3 

Triethyl- 

aniine. 

+ H2SO4 

= [XH(C3H3)3]3S04, 

Triethylammonium 

sulphate. 
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All tlie salts of these amines, when heated with potash, give off 
the amine, just as ammonia-salts give off ammonia. 

The tertiary amines can unite with the chlorides, &c., of alcohol- 
radicals in the same manner as with acids : thus triethylamine, 
unites directly with ethyl iodide, CgH^I, fonningacoiii- 
pouiid which may he regarded either as triethtjiavtvne ethyliodidc, 
N(C2H-),,. f tdrethffffwinionium iodide, N (( Now 

this iodide, when heated with ])otash, does not give off ammonia 
or a volatile animoiiia-hase ; hut when healed with siver oxide 
and water, it is converted, hy exchange of iodine for hydroxyl, 
into a strmigly alkaline ))ase, called tetrdhyJdwmoniutu hydrate, 
vluchmay he obtained in the solid state, and exliihits reactions 
closely analogous to those of the fixed caustic alkalis. Its fornia-t 
lion is represented hy the equation : 

N(C2H,)J + KOH = KI + N(cyr,)4(0H). . 


Moreover, this base can exchange its hydroxyl for chlorine, hr(»- 
mine, and other acid ra<lieals, just like ])otash or soda, forming 
solid crvstallisal)le salts like the iodide above mentioned. These 
compounds, containing four e<iuivalents of alcohol-radical, are, 
in fact, analogous in eveiy respect to ammonium-salts, excepting 
that the corres)>onding hydrates are ca]>ahle of existing in the 
soliil state; whereas ammonium hydrate, Nll4(OJl), splits up, as 
soon as formed, into ammonia and water. The radicals N(C2H5)4' 
&c., corresponding to ammonium, are not known in the free state. 

Tlui mouamines containing more than one carhoii-atom are sns- 
ceplihle (if isomeric modifications similar to those of the alcohols; 
thus ethylamine, Nll2(C2^4X isomeric with dimethylamine, 
NH(CH.j) 2; proiivlaniine, NH2(CjH3-), is isomeric with melhyl- 
ethylamiiie, N11(('H3)(C2H^,), and with triniethylamine, 

&c., &c., the number of ])()ssihle modiiications of course iucmis- 
ing with the coinjilexity of the molecules. Moreover, a monaniine, 
eitlier primary, secondary, or tertiary, may admit of modifica- 
tion in the alcohol -radical itself; thm, the primary monamine, 
Nn2(Cilf7), may exhibit the two following modifications: 


CH2Cir,CH3 
N II 
li 

Propylamine. 


N 


CH(CH 3 ), 

H 

H 


Isopropylnmine. 


An instance of isomerism of this latter kind has been observed 
hy Wurtz in amylamine, NH2(C5Hii), 

Amines may of course be formulated on the methane or marsh - 
gas type instead of the ammonia type, the radical amidogeii, NHg, 
axd others derived from it, being substituted for an atom of 
hydrogen; thus; 
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JMcthanc, Jilclliy]- Ethyl- Dinii‘th>l- Trimothyl- 

ainim.*. amino. amino. amine. 


This niodc^ of representation is conveni(Mit in some cases, but 
the amines ami their salts are so closely related to the ammonia- 
compounds in their modes of ibrination and transformation, that 
they are for the most ])art more apj)ro]>riately re])res(*nted by for- 
mnhe derived from amnnmia, NTT {, ainl sal-ammoniac, NH 4 (d. 

A ^reat number of amines and iheir salts have been obtained, 
4 frut the limits of this work will not allow us to describe more than 
the most important of those conlainiiio the radicals, methyl, ethyl, 
amyl, ami ]»henyl. In describing them it will be convenient to 
make a sli^dit de])arture from the natural order, and (if)mnience with 
the ethyl bases, which have l>een more comjdetely studied than 
their homoloLriies. 


EASES OF TliE ETHYL SERIES. 

Etliylamine, or Ethyl-ammonia, = NTI./( 

On <lif^esling ethyl bromide or iodide with an alcoholic scdiition of 
ammonia, the alkaline rc*acti(»n of the ammonia gradually disap- 
pears; an<l on evaporating the solution on the water-bath, a vliite 
crystalline mass is obtained, which consists chietiy of ('th\ l-ammo- 
niuin bromide or iodide: + ( == 

tilling this salt in a retort ])r(»vided with a good comlenser, with 
caustic lime, the elhylamine is liberated and distils over: 

+ CaO = 2 NH,(r^.H-) -f TT/) + (.^iT.. 

Another im^thod of j)reparing tliis compouiHl, and, inde(*d, the 
method by which it was first obtaiiUMi by Wiirtz, consists in sub- 
mitting ethyl isocyanate to the action of ])otassium hydrate. 
Cyanic acid (]>, 859), when treated with boiling solution of ]K)tash, 
splits into carbon dif»xide and ammonia; and ethyl isoc-yanate 
(p. 862) suffers a ])erfe<'tly analogous decomposition, yielding car- 
Tx)n dioxide and ethylamine : 

CNITO -f 2KHO = K/JO 3 + NIT, 

Cyanic .iciil, Ainnioiiia. 

CN(C,H,)0 + 2Kno = K^CO, + 

Ethyl isocyanate. Ethylamine. 

EthyT isocy anil rate, polymeric with the isocyanate, likewise 
gives off ethylamine when boiled with potash. 

Ethylamine is a very mobile liquid, of sp. gr. 0'6964, at 8 ®, 
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boiling at 19°. The specific gravity of its vapour is 1*57. It has 
a most powerful ammuniacal odour, aixl restores the blue colour 
to reddened litinus-i)aper. It produces white clouds with hydro- 
chloric acid, and is absorbed b^- water with great avidity. With 
acids it forms a series of neutral cryslallisable salts j)erfe(*.tly ana- 
logous to tlK)se of ammonia. 

Ethylamine imitates, moreover, in a remarkable^ manner, th(^ 
dej)ortment of ammonia with metallic salts. It precipitates the 
salts of magnesium, aluminium, iron, manganese, hismuth, chro- 
mium, uranium, tin, lead, and mercury; zinc-sails yield a white 
])reci])itat(‘, which is soluble in excess. Like ammonia, etliyl- 
ainiiie dissolves silver <*hloride, and yields with copper-salts a him- 
prcci]>itate, which is soluble in an ex(*e.ss of ethylamine. On add-* 
ing ethylamine to oxalic, ether, a white preeijatate of (Jirthijl- 

]>roduced : a compound analogous 
to oxamic acid(]). 720) has also lieen obtained. Ethylamine may, 
how<‘ver, be readily distinguished from fimmonia : its va])our 
is iidlammal>l(!, ajxl it j>roduces with platinic chloride, a salt 
[Nlb/C ^ll^OlJjPtd^, cry.stallising in goldeji scales, which are 
rather soluble in water. Treated with chlorine, it yields ethyl- 
ammonium chloride and divldorctliylamine^ a yellow 

li([uid which has a juun*! rating, tear-exciling odour, and when 
treated with jiotasli is converted into ammonia, j>otassium acetate, 
and potassium chloride ; 

N(%((\jH.) + 3KirO = (\71}K(X + 2K(!1 + Ml, + H^. 

Ethylamine is dccomjiosed by nitrous acid, with formation of 
ethyl nitrite and ev*olutit)ii of nitrogen : 

C.JI7N + 211X0. = + 2Iip + Ng. 

Tin* same reaction takes place with methylamine and other bases 
of the s(u*ies, and the nitrous ethers thus produced are easily con- 
verted into llni corresjionding alcohols by dislillation with ]>olash. 
From the al('olu)ls, the corres])onding cyanides or nitriles may be 
prepared, and these, as alriauly observed (p. are converted 

into amines by the action of nascent hydrogen. This series of 
])rocesses affords the means of ])assing from any alcohol of the 
series to the next highest — thus: methyl alcohol, CTl^C^H, yields 
nudhyl cyanide or ethenyl nitrile, CIlgC-N or ; this com- 

j)ound is converted by nascent hydrogen into ethylamine ; and the 
ethylamine by nitrous acid into ethyl nitrite. 

On passing the vapour of cyanic acid into a solution f»f ethyl- 
amine, the li<iuid becomes hot, and dej>osils, after evajunation, 
crystals of ethyl-urea: CUi.N + C’NHO = or 

CH3(C2H5)N20. 

Diethylamine, C 4 H 11 N = NH(C^HJ,.— A mixture of the 
solutions of ethylamine and ethyl bromide, heated in a sealed 
iuhe for several hours, solidifies to a crystalline mass of diethyl- 
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aiuiiiouiiiia Lromide : NH2(C2f^^ft) + ^2^5®^ “ ^ 112(02^^5)2® i"* 
This hroiuide, distilled with potash, yields diethylainiiie as a colour- 
less liquid, still very alkaline, aiul soluble in water, hut less so 
than ethylaiuine. This compound hoils at 57 * 5 °. It forms heau- 
tifully crystallisahle salts with acids. A solution of diethyl- 
ammonium chloride forms with platiiiic chloride a very soluble 
double salt, 2 NH 2 (O 2 H 02 <d • l^lOl^, crystal I isi 11 <:>: in orange-red 
grains, very different from the orange-yellow leaves of the cor- 
responding ethyl-ammonium salt. 

Diethylainiiie behaves with cyanic acid like ammonia and ethyl- 
amine, giving rise to diethyl-urea, CH2(C2H5)2N20. 

Triethylamine, = (CgTT^g. — The formation of this 

body is jierfectly analogous to that of ethylamirie and of diethyl- 
amine. On heating for a short time a mixture oi diethylamine 
with ethyl bromide in a sealed glass tube, a beautiful fibrous 
mass of triethyl-ammo^ium bromide is obtained, from which the 
triethylamine may be separjited by potash. Triethylamine is a 
coloiirles.s, jiowerfully alkaline liipiid, boiling at 91 °. The salts 
of this base crystallise reinaikably well. With i»latinic chloride 
it forms a very soluble double salt, 2 XH(( PtCl4, which 
crystallises in magnificent, large, orange-riKl rhombs. 

The action of ethyl iodide or bromide on ammonia gives rise to 
the simultaneous formation of the three ethybite<l bases, which, 
though differing considerably in their boiling jioiuts, can scarcely 
be separated by fractional distillation. The separation succeeds, 
however, by digesting the mixture of these three bases with 
anhydrous ethyl oxalate. Ethylaiuine is thus converted into 
diethyloxamide : 


C 204 (C 2 ll ,)2 -f 2Nn2(C2n,)=2C2H,(OII) + X2((^^20,)"H2(C2H,)2, 

Kthylic oxalatL*. Kthylamine. Alcohol. Ditithyl-oxainiae. 


and diethylamine forms ethylic diethyloxamate : 

CA(C,H,), + NH(C2Hr,).=C2H,(OH) + C,OJ-X(C2n,)2](0(5JI,) ; 

F'.thylic oxalate. Diethylamine. Alcohol. Ethylic diethyloxamate. 


whereas triethylamine does not combine with oxalic ether. The 
separation is carried out in the following manner : 

The product of the action of ethyl oxalate upon the mixture of 
ethyl bases is distilled in the water-bath, whereupon pure triethyl- 
amine passes over ; and on treating the residue with Thiiling water, 
diethyloxamide is dissolved, while ethylic diethyloxamate remains 
as an insoluble layer floating iijion the hot soluti<»n : it may be 
separated by a tap-funnel. Diethyloxamide treated with potash 
yields pure ethylamirie, while pure diethylamine is obtained by 
treating ethylic <liethyloxamate with the same reagent. 

Tetrethyl-ammonium Hydrate, C8H,iNO=NrC„HA(()H), 
— When anhydrous triethylauiine is mixed with dry ethyl iodide, 
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a powerful reaction ensues, the mixture enters into ebullilion, 
and solidifies on cooling? to a white crystalline mass of tetrethyl- 
ammonium iodide : N(C 2 H 5)3 (J 2 H,^,l = N(C 2 Hr,) 4 l- This iodide 

is rea<lily solulde in hot ater, from which it crystallises on eooliji^ 
in heautiliil crystals of considerable size. This substance is not 
decomposed by j)ota8h : it may be boiled with the alkali for hours 
without yielding a trace of volatile base. The iodine may, how- 
ever, l>e readily removed by treating the solution with silver-salts. 
If in this (*.ase silver sulphate or nitrate be used, we obtain, to- 
gether with silver iodide, the sulphate or nitrate of tetrethyl- 
ammoniinn, which ci-ystallises on evat)ora1ion ; on the other hand. 
if the iodide be treated with freshly nrecipitated silver oxide, the 
hydrate of tetrethyl -ammonium itself is se])arated. On filtering 
off the silver ])reci]jitate, a clear colourless liejuid is obtained, 
which contains the isolated l)ase in solution. It has a strongly 
alkaline reaction, and intensely bitter taste. The solution of 
tetrethyl-ammoniuni hydrate has a remarkable analogy to potasli 
and so<ta. Like these substances, it*<!estroys the epidermis and 
saj)onifies fatty substances, with formation of true soaps. With 
metallic salts it exhibits exactly the same reactions as J^jotash. 
On evaporating a solution of the base in a vacuum, long slendei* 
needles are deposited, which are evidently the hydrate with an 
additional amount of ciystallisation-water. After some time these 
needles disa})])i‘.ar, and a semi-solid mass is left, which is the 
hydrate of tetrethyl-ammonium. A concentrated solution of this 
suhstance in water Tiiay be boiled without decomposition, hut on 
heating the dry suhstance*, it is decomposed into i)ure tiiethyl- 
ainine, water, and ethylene gas : 

n(c,h,)4(oii) = ir.o + n(c,h,)3 + Qh,. 

Teirethyl-ammoniiuii hydrate forms neutral salts with acids. 
These salts are mostly very soluble ; several yield I)eautiful crystals. 
The platinum salt, 2N(C2H04d. PICI4, forms orange-yellow octo- 
hedrons, which are al)OUl as soluble as the cojTesponding potassio- 
platinic salt. 


BASES OF THE METllYi. SER1?:S. 

Methylamine, CH-N = NH2((^H.). — The formation and the 
method of preparing this compound from methyl cyanate are 2 )er- 
feclly analogous to those of ethylamine (p. 874) : hut methylamine 
being a gas at the common tem]x*rature, it is necessary to cool the 
receiver by a freezing mixture. The ilistillatc, which is an aqueous 
solution of methylamine, is saturated Avith hydrochloric acid, and 
evaporated to dryness. A ciystalHne residue is thus obtained, 
consisting of meOiylammoniiim chloride, and this, Avlien <lis(illed 
Avith dry lime, yields methylamine ^is, Avliich, like ammonia gas, 
must be collected over mercury. It is distinguished from Ammonia 
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by u slightly fishy odour, and by the facility with which it burns. 
Metliylainiiie is liquefied at about — 18 °: its sp. gr. is l-()8. It 
is the most soluble of all gases; at li2°, one volume of water 
absorbs 1040 volumes of the gas. It is likewise very readily 
absorbed by charcoal. In its chemical deportment with acids and 
other substances, niethylamine resembles in every respect ammonia 
and etliylamine. Methylamine ap[>ears to be produced in a great 
number of procesvses of destructive (listillation : it has been formed 
by distilling several of the natural organic bases, such as codeine, 
morjdiine, caffeine, and several others, wit h caustic potash ; fre- 
quently a mixture of several leases is produced in this manner. 

Among the numerous derivatives already obt.aine<l with this sub- 
stance, methffl-urea, (.^H./OlI^NgO, di methyl-urea^ CH2(Cn;])oN20, 
and methyl-efhyl-'urefiy (^H2(0H«)(C2H^)N20, may be mentfoned. 
A series of jdatinum-bases, analogous to those ju-octaced by the 
action of ammonia ujum platinous chloride (]>. 4 : 23 ), have likewise 
been obtained with methylamine. 

Dimethylamine, C2H7X = N II isomeric with etliylamine, 
is pre})ared by the action of ammonia on methyl iodide. Its 
separation from the methylamine and triimdhylamine simultane- 
ously formed, is accomplished by means of oxalic ether (p. 870). 

Trimethylamine, C .HyX = N(C_4I.j)3, is readily obtained, in a 
state of perfect purity, by submitting tetramethyl - ammonium 
hydrate to the action of heat. It is gas<*ous at the c(Uiimon tcni- 
jHUiiture, but li<|uefies at about 90 ° to a mobile liquhl of very 
pi)werfully alkaline reaction. Trimethylamine j)r()duces very 
soluble salts with acids. The platinum -sidt, 2N1I(CH3)/M . PtC/l j, 
is likewise very soluble, and crystallises in sjdeiidid orange-red 
uctohedrons. Large <j[uanlilies of trimethylamine, or one of its 
isomerides, have been found in the li([Uor in which salt herrings 
are preserved. 

Tetramethyl-ammonium Hydrate, ( ’4I Ij-jN O = N ((^13)4(011). 
— The corresjKinding iodide may be obtained by a<lding methyl 
iodide to trimethylamine. The two substances unite with a sort 
of exidosion. The same iodide is prepared, however, with h*ss 
difficulty, simply by digesting methyl iodide with an alctiholic 
solution of ammonia. In this reaction a mixture of the iodides of 
ammonium, metliyl-ammoiiiiim, dimethyl-ammonium, trimethyl- 
aiiinionium, and tetramethyl-ammonium is produced. The first 
and last compounds are formed in largest quantity, and may be 
separate<l by crystallisation, the io<lide of tctiametliyl-anunoniiim 
being but sparingly soluble in water. From the iodide the base 
ilstdf is separated l)y means of silver oxifle. Its ]>ro])eriies are 
similar to those of the corresponding ethyl -compound. It differs, 
however, from tetrethyl-ammonium hydrate in its behaviour when 
heated (p. 877 ), yielding trimethylamine? and pure methyl alcohol, 
- N(CH3)3 + CH, (OH). 
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BASES OF THE AMYL SERIES. 


Amylamine, — Of this huse tliere are 

two modificatioTis, one derived from the ainylie alt'oljcjl of feniien- 
tation, the other, called janiylamine, derived from secondary 
amylic alcohol Qx 603). They are represejited by the following 
formiike : 


(Cll2Cll(CIIj)2 (Cll2CIl2CII(Cir3)2 

C^lU orN- II 

(su.^ ill 

Oj binary Aniylaniiiic. 


C 


CIT(CIT3)2 
CII, 


H 

NITo 


ur X 


((■ri(cii3)[cii(cn3)j 




Ordinary amylamine is obtained by ilistilling ordinary amyl 
isocyanale or isocyan urate, or ])rimaTy amyl-urea, (;on,H3(c,h„), 
with ])otash ; isoamylannne in like manner Irom settondary ainyl- 
uit»a, CH)y 2 H 2 (<>H.,)((^jiry). Both ai*e colourless lif[uids, of pene- 
trating amimmiacal odour, and slightly soluble in water, to which 
they imj)art an alkaline reaction. Ordinary ainylamine l)oils at 
03°, and has ii sj)eciric gravity of 0*7503 at 1S° ; isoaniylainine boils 
at 78*5°, ami has a sjKicific^ gravity of 0*755 at 0 °. Platino- 
ehloride of amylamine crystallises in golden-yellow^ scales; that 
of isoamylamine in line crystals derived from a moiioclinic prism. 
The aurochloride of isoamylainine, • AUCI 3 , forms large 

yellow monoclinic crystals. 

Diamylamine, = NH(O.H,j).,. — An aromatic liquid, 

less soluble in water, and less alkaline than amylamine. It boils 
at about 170°. 


Triamylamine, — A colourless liquid, of 

properties similar to tliose of the two preceding bases, but boiling 
at 257°. The salts of tiiainylamine are very sjxiringly soluble 
in water, and melt, when healed, to colourless liquids, floating 
upon water. 

Tetramyl-ammonium Hydrate, 

— This substance is lar less soluble than the coiTesjmnding^ bases 
of the nu‘(hyl and ethyl series, and separates as an oily layer on 
a<lding ])otash to the aqueous solution. On evaporating the solu- 
tion in an atmns]>here free from ciirbonic ai id, the alkali may be 
obtained in splendid crystals «»f considerable size. AVheii sub- 
mitted io distillation it splits into water, triamylamine, and 
amylene : 

n(c,it„)401i = 11,0 + n((VI„)3 + 

In adiliticm to the bases already enunu'rated, the follow*ing 
have been obtained by analogous processes, viz., treatment of the 
iodides of the corresponding alcohol-i\*ulicals with ammonia : 
projiylainine, hexylamine, heptylamine, 

octylamine, and nonylainine, ^ 



880 


AROMATIC AMIXES. 


BASES OF THE AROMATIC SERIES. 

In speiikiug of the aromatic liydrocarl)oiis, we have explained 
that each of the hydrocarlKms homologous with benzene may he 
veganled as a compound of }>henyl with one or more alcohol- 
radicals of the methyl series, and may give rise to two series of 
derivatives, accindingly as the hydrogen in the phenyl or in the 
alcohol-radical is replaced; thus from toluene or me tliyl -phenyl, 
CgHr^.CII^, are derived chlorotoliiene, C\jIT^C isomeric with 
benzyl chloride, — and cresol, CgH^OH.CHg, isomeric 

with benzyl alcohol, C^U- . Cdl20H. Each of these hycfrocarbons 
can in like manner yield two isomeric bavses, accordingly as an 
atom of hydrogen in one part or the other of its molecules is 
replacetl by amidogen, NII^; thus from toluene ure derived two 
bases containing viz. : 

CMSn,) . CII3 C,H, . CH,NH, 

Tulnidine. Henzylainine. 

The second of these, benzylainine, is analogous in its mode of 
formation, and all its principal characters, to the bases of tln' 
methyl series, and may be reju’esented by the formula NH2((JrIi7), 
derived from ammonia by .suhstitiithm of tlie univalent ratlical, 
lienzyl, C-H-, for hydrogen. But loluidine is formed in a different 
manner, viz,, by the acvtion of reducing agents on nitrotohiene, 
and differs in its chemical relations from benzylamine, much in 
the same niauuer as (*resol from benzyl alcohol, being altogetlier a 
less active >iihstauce. 

Xvlidine, == C^HX'SH2),(CH,), ; eumidine, = 

ryi/NILO.C sti:, and cMiiidine, C,^^(NlI,),CH^.C.fl{j, bases 
liomologous with tuluidiiie, are obtained in like manner from the 
nitro-derivatives of the corres])onding hydrocarbons. Xylylamine, 
<1 H..CEIo(CH 2XH.>), is obtained by the action of ammonia on 
xylyl chloride, 

Aniline, Tliere is but one aromatic monarnine con- 

taining s'lx aioms of carbon, viz., aniline, C^H^N ; and this may be 
regarded indifferently, either as aiiiido benzene, C^iH-(NH2), or 

as phenyl amine, N | , that is to say, as a lower homo- 

logue, either of toluidine or of benzylamine. The two formulie 
just given are in fact identical; moreover aniline, Ijolh in its 
modes of formation and in its pro])OTties, exhibits resemblances, on 
the one hand to toluidine and its homologiies, and on the other to 
benzylamine and the moiiamines of the methylic series. 

Aniline is produced; 1. By heating phenol with ammonia in 
sealed tubes for two or three weeks (Laurent) 

C^H,(OH) + NH3 = H.O + NH2(C,H,). 
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The quantity of aniline thus produced is, however, very small ; 
Imt Dusart and Bardy* have lately shown that a larger (juantity 
may be obtained by heating phenol with ammonium chloride and 
finning liydrochloric acid ’:o 315^ for thirty hours. — 2. By the 
action of hydrogen sulphide and other reducing agents on nitro- 
benzene : 

Cen,(N02) + 3H,S = 2U^O +^8 + CoH^CNHa). 

The first of these reactions exhibits the relation of aniline to 
benzylaniine ; the second, its relation to toluidine, — 3. By the 
action of caustic potash upon indigo : 

C^gH-NO + 4 K 1 IO + II^O = CgH^N + 2K2CO3 + 2H2. 

The name aniline indicates the relation of this compound to the 
indigo groiq), tlie botanical name of the indigo-plant being - 
fera Anil. 

Preparation. — 1. From indigo. — Powdered indigo boiled with a 
highly-concentrated solution of potassium hydrate dissolves, 'with 
evolution of hydrogen, to a brovvnisli-red liquid containing an- 
thranilic acid. Tf this matter be transferred to a retort and still 
fuiilier heated, it swells up and gives off aniline, which con- 
denses in the form of oily drops in the neck of the retort and in 
the receiver. Separated from the ammoniacal water by which it 
is acconii)ani(*d, and redistilled, it is obtained nearly colourless, 

2. To j>repare aniline from nitrobenzene, this substance is 
submitted to a process discovered by Zinin, which has proved 
a very abundant source of aitificial organic bases. An alcoholic 
solution of "nitrobenzene is treated with ammonia and sulphu- 
retted hydrogen, until after some hours a precipitation ot sul- 
phur takes 1)1 ace. The brown liquid is now again saturated with 
Ruljihurette(l hydrogen, and the juocess repeated until sulphur 
is no longer separated. The reaction may be remarkably accele- 
rated by occasionally heating or distilling the mixture. The 
licpiid is then mi.ved with excess of acid, filtered, boiled to expel 
alc.oliol and unaltered nitrobenzene, and then distilled with excess 
of caustic potash. 

If the aniline be reciiiired quite pure, it must be converted into 
oxalate, tlie salt several times crystallised from alcohol, and again 
decomposed by potash. 

Becnamp has shown that the reduction of nitrobenzene may be 
effected even more conveniently by the action of ferrous acetate. 
The distillation of one part of nitrobenzene, one part of acetic 
acid, and one and a half pail of iron filings, seems, in fact, to be 
the best process for preparing aiiiline.t The mass swells violently, 
and very cajiacious retorts are required. 

* Connotes rendus, Ixxiv. 188 ; Chem. Soo. Journal, 1872, p. 247. 

1 According to Scheurer-Kestner, the treatment of nitrobenzene with a 
very large quantity of iron filings and acetic acid reproduces benzene ami 
aiiimonia. 

3 K 
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Aniline exists among the products of the distillation of coal, 
and probably of ollxer organic matters : it is formed in the distil- 
lation of anthranilic acid, and occasionally in other reactions. 

Aniline, when pure, forms a thin, oily, colourless liquid, of faint 
vinous odour, and aromatic, burning taste. It is very volatile, 
but has, nevertheless, a high boiling point (182"^). In the air it 
gradually becomes yellow or browjq and acciuires a resinous con- 
sistence. Its density is 1*028. Water dissolves aniline to a cer- 
tain extent, and also forms Avith it a kind of liydiate : alcohol and 
ether are miscible Avith it in all ju’oportions It is destitute of 
alkaline reaction to test-paj^er, but is quite remarkable for the 
number and beauty of the crystal li sable compounds Avhicli it foims 
Avith atuds. Two remarkable reactions characterise this body and 
distinguish it from all others — auz., that Avith chrom/ic acidj and 
that Avith solution of calcium- hypochlorite. The lorimu* gives with 
aniline a deep-greenish or hluisli-ldack preci])itate, and the latter 
an extremely beautiful violet-coloured com])oun(l, the fine tint of 
Avhich is, liOAveA'er, very soon destroyed. When vitroun acid is 
passed into aniline, or when aniline hydrochloride is treated witli 
silver nitrite, water and ]>heuol are ])roduce(l, and nitrogen is 
evolved : 

C0II7X + UNO, - C,H,0 + H^O + N,. 

Oii the other hand, Avhen nitroiLs acid is passed through an alco- 
holic solution of aniline, 2 molecules of aniline are linked to- 
gether, 3 atoms of the hydrogen being re]>laced by 1 atom of 
nitrogen. Azodi phenyldiamiue, the substance thus produced, 
contains CYJII11N3. The following et^uatiuii represents its forma- 
tion : 

aCoHjN + HNO, = (\2Tf,iN3 + 

By treatment of azodijdienyldiamim* with nitrous acid, the same 
change is repeated once more, three additional atoms of hydrogen 
being again rejdaced by one of nitrogen, Avhereby diazo-di pheny l- 
diamine, Cj2HgN4, is formed according to the equation : 

Ci2HnN3 -b HNO2 = + 2IT.,0. 

This body explodes \doleiitly, like fulminate of silver. Griess, 
who discovered these substances, lias succeeded in obtaining simi- 
lar comiiounds from several others of the basic derivatives of 
aniline. 

Paraniline. — In the manufacture of aniline iqion a large scale, 
several bases, having much higher boiling jioints than aniline, are 
formed ; among them there is a beautifully crystalline compound 
called paraiiiline, polymeric with aniline and rein*esented by the 
formula CJ0H44N2 = 2C^jH7N. It foims two series of salts, of 
which the hydrochlorides, C12H14N2.HCI and C12H14N2. 2HC1, 
may be quoted as examples. 
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Hilhstituiion-producU of Aniline. 


Under the head of inc^ 40 , a product of oxidation of this sub- 
si ance will he noticed, to which the name isatin lias been ^iven. 
When isatin is distilled with an exceediii^dy concentrated solution 
of caustic potash, it is, like iridi^^o, resolved into aniline, carbon 
dioxide, and free hydro;,^en. In like manner, chloj'isafin and di- 
rhlormitinj similarly treated, yield products analogous to aniline, 
but containing one or two atoms of chlorine respectively in the 
])lac.e of hydrogen. Tin* rhloraniliae^ (.Y,HgClN, and dichloraniline^ 
thus prodnceil, cannot, however, be olitained by the 
diixict action of chlorine ujnm aniline*, thus diflering from ordinary 
sul)stitulion-conij)ounds ; but aniline may be reproduced from 
tliern by the same rt^agent that is cajiable of reconverting chlor- 
acetic acid into ordinary acetic acid — nanudy, an amalgam of 
])nta^sium or sodium (see ]>. (iHO). They are the first cases on record 
of {irganic bas(*.s containing chlorine. 

Ch loro nil in e forms large, colourless octohedrons, having 
exac tly the odour and taste of aniline, very volatile, and easily 
liisilile : it distils without decomposition at a high tem])erature, 
and burns, when strongly heated, with a red smoky flame with 
greenish border. It is heavier than w^ater, indi fie rent to vegetable 
colours, and exce])t in being solid at common temperatures, re- 
sembles aniline in the closest manner. It forms numerous and 
beautiful crystal Usable salts. If aniline be treated with chlorine 
gas, 1 h(* action goes further, trirhloranilinej C^ 5 ll 4 CL^N, being pro- 
ilnced, a v<datile crystalline body which has no longer any basic 
])roj>erties. The correspojiding . bromine compounds have also 
l>een obtained. 

Nitranilinr, Cyi^./XO.,)^. — Of this compound there are two 
modi filiations distingui.shed as oc and /3, the former produced by 
the action of alkalis on nitrojihenylacetamide and other nilrated 
plieiiylamides, c.//.; 


+ n,o - + (WNO.) I s , 


Nitroplifnylaci t- 
aiiiidi*. 


Acetic acid. 


Nitraniiine. 


the latter by the reducing action of hydrogen 8 uli)hide, &c., on 
dinitroheiizene. 

Both modificatifnis crystallise in yellow needles ; differing, how- 
ever, in the angles of their crystids. cc Nitraniline melts at 141^^, 
sublimes at about the same temperature, and leaves a carbonaceous 
residue when distilled. /3 Nitraniline melts at 108°, boils at 285°, 
and distils Jilmost without residue ; at 100 ° the crystals sublime 
without previous fusion. ee> Nitraniline dissolves in 1250 parts of 
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toluidinb:. 


water at 12*5° ; nitraniliiie in 600 parts at 18° ; Loth modifica- 
tions ar^much more soluble in boiling water ; they dissolve also 
in alcohol and in ether. Both form ciystallisable salts differing 
more or less in crystalline form. 

Diphenylamine, NH(CgH.)o, is produced by the distillation of 
triphenyl-rosaniline (aniline blue). It is a c^^^stalline body, melt- 
ing at 45° to a yellow oil, which boils constantly at 310°. A sub- 
stance having the comi^osition of tripheniflamine, but 

probably not connected with the phenyl series, is formed by sub- 
mitting the compound produced by the action of cinnamic alde- 
hyde u]>on ammonium siiljfiiite to destructive <listillation, together 
with an excess of lime. 

Gyananiline is formed by the action of cyanogen upon aniline ; 
it is a crystalline substance capable of coml)ining with acids like 
aniline, but very prone to decomposition. It contains C\ 4 lli 4 N 4 = 
(C^.H 7 N) 2 .(CN)j, and is therefore a compound of cyanogen with 
aniline, not a substituti()n-derivative. 

Derivatives of Aniline containincf Alcohol-radival>i, — By treating 
aniline with iodide or bromide of methyl, elliyl, Ac., in different 
proportions, bases are (obtained in which the hydrogen of the 
aniline is more or less replaced by those radicals. Ethyl- 
aniline^ or NH(( and (Uefhyhmiline, 

X(C 2 H 02 (f'o^.'iX liquids greatly resembling aniline; the 

fonner boils at 204°, the latter at 213*5°. Ethylaniline treated 
with amyl i<xlide yields the hydriodide of ethyl-amyl-ffniline^ 
N(C 2 l^^ 5 )(^ W iodide of ethyl-amyl-phemylam- 

t non i uni, from wlii(di the ethyl-amyl- 

aniline may be Heparate<l by distillation with potash. It is an 
aromatic oil boiling at 262°. When treated with methyl iodide, it 
is converted into iodide of iiuthyl-ethyl-amyl-idievylainmaniiiin, 
N(CH 3 )(C 2 f^ 5 )(^^^J^ii)(^ fi’niii which the corresponding hy- 

drate, 'N(CH.;XCaH4C-Hi;)(neH,,).0H, may be obtained by treat- 
ment with silver oxide and water. This hydrate is very soluble 
in water, ]»owerfully alkaline, and has an extremely bitter taste. 

Many other substitution-derivatives of aniline* may be obtained 
in a .similar manner. 

Toluidine, or Amidotoluene, = C 7 n;.NII.^ = 

CgH 4 (NH 2 ).CH 3 . This base, homologous with aniline, exhibits 
the three modifications, ortho-, meta-, and para. 

Para-toluidine, or ordinary toluidine, is obtained by the action 
of hydrogen sulj)hide or ferrous acetate on solid nitrotoluene. 

It forms colourless platy crystals, very sparingly soluble in 
water, easily in alcohol, ether, and oils ; it is heavier than water, 
lias an aromatic taste and odour, and a very feeble alkaline re- 
action. At 45° it melts, and at 2()5°‘-206° boils and distils un- 
changed. It forms well-cryslallised salts, but is nevertheless a 
weak base, and, according to Wanklyn, is absolutely incapalde of 
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neutralising dilute sulphuric acid. It forms substitution-deriva- 
tives similar to those of aniline ; those containing methyl and its 
homologues are more basic than toluidine itself. 

( Jrthofoluidine (also called pseudotoluidme)^ obtained in like 
manner from liciuid nitroioluene, is a colourless liquid, becoming 
rose-col oiii’od on exposure to the air ; it remains li([uid at — 1;3°, has 
a sp. gr. of 0*998 at 25^^, and boils at 197°. This same modification 
is one of the constituents of commercial toluidine olilained from 
aniline works. 

Metatoluidine is also contained in some varieties of commercial 
toluidine, and may be separated by heating the li([uid h)r sixteen 
hours with glacial acetic acid, and distilling the resulting crvhtal- 
lised metatolylacetamide with potash. It crystallises in large 
octohedrons, melting at 57°, and boiling with comjdete decomposi- 
tion at 240° ; dissolves easily in alcohol, sj^aringly in water. 

Benzylaxnine, CpH-.(?H 2 (NHjj) or Nll 2 (C\Hj.). — This com- 
pound, metameric with toluidine, is obtained, together with 
diheiviylaiaine^ and tribem:ylamine^ N(C;H 7 );j, by the 

action of alcoholic ammonia on benzyl chloride, CfjH^j.CH^Cl 
(p. 764), the mode of formation of these bases being exactly 
analogous to that of methylamine and its homologues, and alto- 
getln‘r dilferent IVom that of toluidine. 

Beiizylamine is a coloiiiiess li<[uid, boiling at 182°“-183° (23° 
loner than toluidine). It mixes in all j)roj)ortions with water, 
and is separated therelrom by jiotash. It is a much stronger base 
than toluidine ; absorbs carbon dioxide rapidly, forming a crystal- 
line carbonate ; unites readily with other acid*s, producing rise of 
temperature ; and fumes with hydrochloric acid. The hydro- 
trhloride crystallises in striated tables ; the platinochloride, 
2 NH 3 (C 7 H 7 )C 1 . IHClj, in orange-coloured laminae. 

Xylidine, Cumidine, C9H13N, 

or j)robably C„H 4 (NH 2 ).C 3 Hj, and Cymidine, or 

II^), liomologous with toluidine, are obtained in like 
manner by reduction of the corresponding nitro-derivatives. 
Xylidine boils at 214^-216° ; cumidine at 225° ; cymidine at 250°. 
Xylidine and cumidine form well -crystallised salts. 

Xylylamine, C,H„N = = C,H,(CH3) . 

homologous with benzylamine, is obtained, together with dicylj/la- 
miney NH(CeHy^, and trixifli/hminey N(CoHg) 3 , by heating xylyl 
chloride, C^H 4 (CH 3 ) . CHgC % with alcoholic ammonia in sealed 
tubes. These three bases are oily Ihpiids, smelling like herring- 
pickle, lighter than water, insoluble therein, easily soluble in 
alcohol and ether. Xylylamine boils at 196° ; dixylylamine de- 
composes at 210° 

Cuimjlamimy the 9-carbon base metameric with cumidine and 
homologous with benzylamine, has not been obtained. 
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Oymylamine, CioHj-N = NH2(CioHiq) = C, ,114(0113) . 
C3Hp(NH2), is obtained, together with di- and tri-cymylamine^ l)y 
heating cyinyl chloride with alcoholic ammonia in sealed tubes. 
Cyniylamine and dicyniylamine are oily liijiiids, boiling with 
decomposition, the former at 280°, the latter above 300°. Tri-** 
cymylamine crystallises in rhomboidal lamina), melting at 81°-82°. , 


I^aphthalidine, C,oH,,N ==C.oHy(NH2), is interesting, as being 
one of the firsL comjKnuuls of its Kind proiluced by Zinin’s j^rocess. 
It is obtained by the action of ammonium sul2>Iiide uj)on an 
alcoholic solution of nitronaphfhalene^ one of the numerous' pro- 
ducts of the action of nitric acid upon napthalene^ When 

pure it forms colourless silky needles^fusible, and volatile without 
decomposition. It has a j^owerfiil, not disagreeable odour, and 
burning taste, is nearly insoluble ill water, but bssolves readily 
in alcohol and ether; the solution has an alkaline reaction. 
Naphthalidine forms numerous crystalline salts. 


DIAMINES AND TUI A MINES. 

These are bases derived from two or three molecul(*s of am- 
monia, NgHfl and N3HJ,, by substitution of bivalent and trivalent 
alcohol-radicals for a part or the whole of the hy<lrogen. A portion 
of the hydrogen may at the same time be replaced by univalent 
alcohol-radicals. Diamines are formed by the action of the 
chlorides, bromides, and iodides of the diatomic alcohol -radicals on 
ammonia. The examinalioii of these compounds is far from being 
complete. 

IBthene-diamine and Diethene-diamine. — The action of 
ammonia u})on ethene dibromhle is very comidex; but among the 
jiroducts of reaction there are invariably present the hydro- 
bromides of two bases which are derived from two molecules 
of ammonia, viz., ethene-diamine, = N2(( an 

oily liquid boiling at 117°, and diethene-diumine, = 

N2(C.2H4y'2H2, a crystalline solid, boiling at a high temperature. 
The formation of these bodies, which saturate two molecules <»f 
monobasic acid, may be rejiresented by the following equations: 

2NH3 + (C,Tl,rBT, = [N2(C.2n4)2"H,rBr2, and 
4NII3 + 2(C2H4y^Br2 = [N2(C2ll4)2"HJ'Br2 + SNH^Br. 

Distillation with potash separates the bases from these salts, 
potassium bromide being formed at the same time. 

By the action of ethyl iodide upon ethene-diamine and diethene- 
diamine, two series of ethylated derivatives have been obtained. 
We can here give only the'names and formula) of the iodides : 
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Baines derived from Ethene-diaminc, 

Iodide of Etlierie-diaminonimn . . . [N^2Hg(02H4y7'l» • 

, Iodide of Diothyl-etliene-dif . imonium 1 [N2H4(C2H4)"((J2H5^2r^2 , 

Iodide of Tetivthyl-etliene-diammonium LN2H2(02H4 
Iodide of PeTitethyl-ethene-dianimoiiium [N2H(C2H4)"(C2H5)5]"l2 . 
Iodide of Hexetliyl-ethene-diainmonium [N2(C2H4)"(C2H5)6]"l2 • 


Bases derived, from Diethcne-diamine, 

Iodide of Diethene-dianimoTiiuni . . . [N2H4(C2ll4)"2ri2 • 

Iodide of Dieth^d-diethene-diaininoiiiuui [N2H2(C2H4)"2{C\2Hr,)2]"l2 • 
Iodide of Triethyl-dietliene-dihmmonium [N2ll(C2H4>"2(C2Hg)3]''l2 . 
Iodide of Tetrcthyl-dietheiie-diannnonium [N2(CN2H4)'2(C2Hg)4]"l2 . 


Diethene-triamine and Triethene-triamine. — More recently 
two other bases liave been separated from the j^^^duct of the 
action of ethene diln'oinide upon ammonia, viz., diethene-triamine, 
and tried henc-triamine, (C2H4)3H3N3. The forma- 
tion of these bodies, wliieli saturate 3 molecules of monobasic acid, 
may be represented by the following equations : 


4NIL + i^(C2H4):«r2 - 
(iNIIj -j- 


2(C,K,yBv, ^ [N3(C.2n4r,H«r"Br3 


-h NH.Br 
+ 3NH^Br. 

Diphenyl-ethene-diamine, Cj4HjgN2 = N2H2(0,H4y''(CeH5)2> 
fti K I Dipheny l-diethene-diamine , C\„H;N2=K2(C-H4)/(CeH,)2, 
are ])i*oduced as hydrobromides by the action of ethene bromide 
on aniline : 


2C,H,N + r.H^Br^ - (\4Hj6N0.2HBr 

4C],H^N + 2(^;;H4Br2 = CV,n,8>f2- ^HBr + 2(C3H7N.HBr) . 

They are crystalline bases, soluble in alcohol and ether. 

Methenyl-diphenyl-diamine, 0431110X2= N2H(CHX"(^^jHJ.„ 
also calleil Formjjl-aniliney is jiroduced by heating aniline with 
chloroform to 18(P in sealed tubes: 


4C6H7N + CHCL = 2 (CoH.N.HCl) + C13H12N2.HCI. 

The base sejiarated by potash is crystalline, soluble in alcohol and 
ether, insoluble in water. 

Phenylene-diamine, 0^113X2 = X2ll4(03H.y' or CgH/XHo)*,, 
is formed by treating dinitrobenzene, 0^;H4(X02)2, with acetic 
acid and iron filings. When freshly distilled it is a coloiirless 
oil, but gradually solidifies to a crystalline mass, melting at 63°, 
boiling near 28()°, and distilling without alteration. It is very 
soluble ill water and alcohol, less soluble in ether; forms well 
crystallised salts containing 2 molecules of monobasic acid. 

The distillation of dinitrotoluene and dinitrocumene w'ith acetic 
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acid and iron filings produces the correspondingly bases, toluylene- 
diamine, and cuniylene-diainine, Cj,Hj4N2, wliicli 

bear a gi*eat reseiiildance to 2)heiiylene-dianiiiie. 

{ Qir 

^ . — This base 

is produced : 1. By the action of uininonia on chloroj^icrin : 
CNO2CI3 + 3NH3 - 2HC1 + IINO2 + CH.Ng.HCl. 

2. By heating cyananiide in alcoholic solutit)n with sal-ainiuoniac ; 
CH,nJ + NII4CI = HCl + 

3. Together with parabanic acid, by treating guanine, a base 
obtained from guano, with a inixtiue of hydrochloric acid and 
potassiuiii chlorate, which exerts an oxidising action : 

+ O3 + H2O = ch,N3 + C3H2N2O3 + CO2. 

Guanidine fonns colourless crystals,^ easily soluble in Avater and 
alcohol : the solution has a powerful alkaline leaction, and absorbs 
carbonic acid from the air, fonning a carbonate, 2C^H.X3. Il2(H)3, 
which is also alkaline, and crystallises in sfpiare prisms. 

Methyl-^ 2)henyl-y and tolyl-yminidiiie^ are T>repare<l by the action 
of cyananiide on the hydrochlorides of metiiylamine, aniline, and 
toluidine resjiectively. 

Carbodiphenyl- diamine, or Melaniline, Cjsl 1^3X3 = 

( (CeH,)^ 

X3 < . — The action of dry cyanogen chloride upon anhydrous 

aniline gives rise to the fonnation of a resinous substance, Avhich 
is the hydrochloride of melaniline, 2C6H7N + CNCl = C43H14N3CI. 
Dissolved in water and mixed with potash, this salt yields 
melaniline in the form of an oil, which rapidly solidifies to a 
beautiful crystalline mass. 

Melaniline treated with chlorine, bromine, iodine, or nitric 
acid, yields basic substitution-products, in w^hicli invariably tw^o 
atoms of hydrogen are replaced. It combines witli one molecule 
of cyanogen, (CgXg), and forms salts with acids, most of which are 
crystallisable. 

Carbotrip]ieiiyl-triamine» Triphenyl-guanidine, or Phe- 
nyl-melaniline, CioH^^X, = — Aniline when 

exposed to the action of carbon tetrachloride at a temj)erature of 
150°, solidifies into a resinous mass, consisting of a mixture of the 
hydrochlorides of rosauiline (p. 890), and of several other bases, 
from which, by appropriate treatment, a beautiful basic com- 
pound may be extracted, constituted as above. The formation of 
this body, which in its projjerties closely resfembles melaniline, 
may be represented by the equation ; 

eC^HyN + CCI4 = 3(C6H^N,HC1) + 
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It is also protluce<l by several reactions from diplienvlsiilpLo- 

( (CVS)" 

carbamide or sul 2 )hocarbanilide, Ng < e.g,, 1. By dry dis- 

tillation, the sulphocarbaidlide being then resolved into snlpho- 
carbanil, N(CSy''C<jII;i, and aniline, and each of these compounds 
reacting with the suliihocarbanilide, so as to produce trijdienyl- 
carljotri amine ; tims : 




2 = N(CS)"(C„H5) + N(C6H,)H,. 

, + N(CSr(C'eH,) = OS, + X3rC‘’(CJI,)3H,J. 
• ■ w(W3iy. 


N,((JS)"(C„H3)3H, + N( 03 H 3 )H, = H,S+ N 

2. By heating suli)hocarbanilide with lead chloride : 
3N,(CS)"(OeH5)Jl, + VWl, -- PbS + (\S, + 


Aniline Colours, 

Aniline has during the last few years found an extensive ai)pli- 
cation in the arts, a Tong series of colouring matters uneciualled in 
brilliancy and beauty, having, by the action of dilferenl* oxidising 
agents, been produced from it. It was Mr. W. H. Perkin who 
had first the napi>y idea of applying ])ractically the well-known 
f)roperty possessed by aniline, of forming violet and blue solutions 
when treated wit h a solution of chloride of lime or chromic acid. 
He succeeded in fixing these colours, and bringing them into a 
form adai)ted for the dyer. We will here notice some of the most 
imjiortant of these colouring matters. 

Aniline-purple, Mauve. — According to Mr. Perkin, mauve is 

f )repared by mixing solutions of aniline sulphate and potassium 
)ichroniate in ecjui valent jnoportions, and allowing the mixture to 
stand for several hours ; the black precipitate formed is filtered 
off and })urified from admixed potassium sulphate by washing 
with water ; it is then dried and freed from resinous matter by 
repeated digestion with coal-tar najditha, and finally dissolved in 
boiling alcohol. For its further purification, the alcoholic solution 
is ev’^aporated to dryness, the substance is disvsolved in a large 
quantity of boiling water, re 2 )recipitated with caustic soda, washed 
with water, and dissolved in alcohol ; and the filtered solution is 
evaporated to dryness. Mauve thus prepared forms a brittle sub- 
stance, having a beautiful bronze-coloured surfiice : it is difficultly 
soluble in cold water, although it imparts a deep purple colour to 
that liquid : it is more soluble in hot water, very soluble in 
alcohol, nearly insoluble in ether and hydrocarbons ; it dissolves 
in concentrated acetic acid, from which it crystallises. Mauve is 
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the sulphate of a base called mauveiiie, having the composition 
capable of forming numerous crystalline salts with 

acids. 

Aniline-red, Kosaniline, Cj,olI,gN3. — This substance occurs 
more or less pure in commerce under the names roseine^pichsine^ ma- 
yen ta, azaleine^ &c. A red colour had been observeil at different times 
in experimenting with aniline, more esi»ecially when that substance 
was digested w'ith Dutch li<piid. The red colouring matter, though 
still impure, w as first obtained in a separate state from the product 
formed by digesting aniline with carbon teti'achloride at in 
which reaction it is formed, together wdth carbotriphenyltriamine. 
It was M. Verguin who first prepared it upon a large scale by the 
action of stannic chloride upon aniline. Since that time it has 
been 2Jr^>duced by the action of mercuric salts, iirsenic acid, and 
many other oxidising agents, u])on aniline. Tlie most advan- 
tageous mode of prei)aration is the following: — A mixture of 12 
parts of the dry arsenic acid which occui*s in commerce, and 
10 parts of aniline, is heated to 120^ or 140 ^ C. ( 25 ()^- 28 (P F.), 
with addition of water, for about six hours. The product, which 
is a hard mass possessing the lustre of bronze, is dissolved in hot 
water and ])recipitated by a slight excess of soda: the j>recipitate 
when washed w ith w ater, and dissolved in acetic acid, forms the 
roseine of commerce. In order to purify this still crude subsUmce, 
it is boiled with an excess of soda, to sei^arate any aniline that it 
may contain; and the washed pi’ecif)ilate is dissolved in very 
dilute mineral acid, filtered from undissolved tiirrv matter, and 
reprecipitated wdth alkali. The compounds of rosaniline with one 
molecule of acid are beautifully crystallised substances, which in 
the dry state possess a green colour with golden lustre ; with water 
they furnish a very intensely coloured red solution. The free 
base, first obtained by Mr, Nicholson, presents itself in colourless 
crysUilline plates, insoluble in water, solLi])le in alcohol and ether, 
with a red colour, wdiich it also actjuires on exposure to the air. 
llosaniline in the anhydrous state is rei)resented by the formula 
C20H19N3, and in the hydrated state, such as it assumes when 
isolated from its compounds, by the foramla c.^h,„N3,h,o. It. 
is a triamine capable of torming monoacid, bi acid, and Iriacid salts. 
The aniline reds of commerce are mouoacid salts of rosaniline 
more or less pure. The acetate, which is chiefly found in com- 
merce in England, has been i>repared by Mr. Nicholson in splendid 
crystals of very considt»rable dimensions, having the composition 
Cjj^IDgNa.C^H^O^. In Franc.e the chloride, C^oHigNg.HCl, i.s 
chiefly em2)toyed. The action of ammonium sulphide upon 
rosaniline gives rise to leucaniline^ C)2oIT2iN3, a base containing 
two additional atoms of hydrogen. This base is itself colour- 
less, and forms colourless triacid salts, such as C*,H 3 iN 3 . 3 HC 1 . 
Oxidising agents reproduce rosaniline. 

The molecular constitution of rosaniline has not been distinctly 
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made out. Neither is its mode of formation thoroughly under- 
stood ; hut one very important fact has been brought to light by 
the researches of Hofmann, and confirmed by the experience of 
manufacturers, — namely, that pure aniline, from whatever source 
it may be obtained, is incapable of furnishing aniline-red. Com- 
mercial aniline prej)ared from coal-tar always in fact contains 
toluidine as well as aniline ; and Hofinjinn has shown that the 
presence of this base, together with aniline, is essential to the 
formation of the reil dye. Toluidine by itself is just as incapable 
of yielding the red as pure aniline, bi^when a mixture of jmre 
aniline and pure toluidine is treated with stannic or mercuric 
chloride, or with arsenic acid, the red colouring matter is imme- 
diately pro<luced. Its formation may perhaj)S be represented by 
the equation : 

-f 2fVIIoX = + 3H,. 

Aniline*. Tdliudim*. Kosanilini*. 

Rosaniliiie is doubtless a triamine, and tlie formula N 3 (Cy 
(C\jH 4 )"H 3 , has been suggested as the rational expression of its con- 
stitution. This, however, is not the formula of a true triamine, 
since it contains only bivalent radicals, and may be resolved into 
NIl3+N,(CVH„)",((.V.n4r, or N(C„H,)''H+X,(C,H,,r 2 H 2 . 

Aniline-blue and Aniline-violet. — MM. Girard and I)e 
Laire obtained aiiiliiie-bluc by digesting rosaniline with an excess 
of aniline at ir)()°-16()° C. (3()0^~32()° F.). Together with aniline- 
blue, which is the principal product of the reaction, several other 
colouring matters (violet and green) and indifferent substances are 
formed, cfuisidorablc (juantities of ammonia being invariably 
evolve(l. The crude blue is purified l)y treating it successively 
with boiling water ac*i<lified w ith hydrochloric acid, and with pure 
water. The bine colouring matter is said to be ohUiined from its 
boiling alcoholic solution in hrilliant needles. It consists of the 
hydrochloride of triphenyl’-rosaniline. C. 3 oH,«(C„H,) 3 N 3 . By beat- 
ing rosaniline w ith etliyl -iodide, Dr Hofmann has obtained an ani- 
line-violet, having tile composition of hydriodide of triethyl-rosani- 
line^ Another aniline- violet is produced by 

heating rosaniline w ith a quantity of aniline less than sufficient to 
form aniline-1 )lue. 

Other aniline violets are prt>duced hylhe action of stannic chlo- 
ride, mercuric chloritle, or iodine chloride on methyl-aniline and 
dimethyl-aniline. 

Aniline Greens. — The most important of these colours are 
those known as “aldehyde-green” and “iodine-green.” The for- 
mer is produced by adding part aldehyde to a cold solution 
of magenta in a mixture of 3 narts strong sulphuric acid and 1 part 
w'ater. The mixture is then heated in a wrater-bath till a drop of 
the product diffused in w aler produces a fine blue colour, and 
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then pouml into a boiling solution of sodiuin thiosulphate. The 
liquid is then boiled for a short time and filtered. The filtmte 
contains the green, which may be precipitatwl by tannin or by 
sodium-acetate. Aldehyde-green is principally used in silk-dye- 
ing. It is a salt of an organic base which may be se|>arated by 
means of soda or ammonia. 

lodine-gi'een is prcxluced by heating the violets of trietltVl- or 
trimethyl-rosaniline (Hofmann’s violets) or the methyl-aniline 
violets, with iodide of methyl, ethyl, or amyl. The green thus 
obtjiined with methyl-io^de has a very fine colour, bluer tluui 
that of aldehyde-green, ana, like the latter, preserves its colour by 
artificial light. It is much used for cotton and silk dyeing. 

A third kind <tf aniline-green, known commercially as “ Perkin’s 
green,” resembles the iodine-green, and is much use I for calico- 
printing. 

Aniline- Yellow, Chrysaniline — In the preparation of ani- 
line-red, a considerable quantity of secondary prcKlucts is formcxl, 
from which Mr. Nicholson has succeeded in e.\tracting a yellow 
colouring matter. This substance, which has been called chrysani- 
litie., contains CjoHjjNa : it is also a well-defined base, forming two 
series of salts, the majority of them being very well crystallised. 
The two hydrochlorides of chrysaniline are (Jj^Hi-Ng.HCl, and 
C20H1-N3.2HCI. The nitrate of chrysaniline is so insoluble in 
water, that nitric acid may be precipilate<l even 11*0111 a dilute 
solution of nitrates by means of the more soluble hydrochloride or 
acetate of chrysaniline. Chrysaniline is intimately related to 
rosaniline and leucaniline, differing from the former by 2 and from 
the latter by 4 atoms of hydrogen : 

Chrysaniline, CgoHj.Ng 

Rosaniline, 

Leucaniline, , C.2QH21N3. 


APPENDIX TO THE ALCOHOLIC AMMONIAS. 

Under this bead we shall include certain artificial organic bases, 
the molecular constitution of which has not been very distinctly 
made out ; also the natural' bases or alkaloids found in living 
organisms ; and the phosphorus, arsenic, and antimony bases, ana- 
logous in composition to the amines. 
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I. — Artificial Organic Bases obtained from various 

Sources. 

BASES OBTAINED BY DESTRUCTIVE DISTILLATION. 

The destructive distillation of organic sul)stanc( 3 .s has furnished 
a rich harvest of basic compounds. A few of the more interest- 
ing may liere be noticed. 

Ohinoline, — Quinine, cinshonine, stryclmine, and 

pro])ably other Ixxlies of tliis class, when distilled with a very con- 
centrated solution of ]K)tas]i, yield an oily product resembling 
aniline in many res])ect.s, and ]>ossessing strong basic powers : it 
is, however, less volatile than that substance, and boils at 235^. 
Wlien pure it is colourless, and has a faint odour of bitter almonds. 
Its density is 1*081. It is slightly soluble in water, and miscible 
in all jm>poi*tions with alcohol, ether, and essential oils. Chiiioline 
forms salts with acids, whit*h, generally speaking, do not crystal- 
lise very freely. ( ’hinoline is a tertiaiy monamine. When digested 
with ethyl iodide it yields iodide of ethylchinoline, CuH^Nl = 
('qH 7 (C.^H 5 )NL Trealment of this iodide with silver oxide libe- 
rates the base C\iHj 2 N(llO), which exhibits all the chaiacters of 
the ammonium bases, being powerfully alkaline, easily soluble in 
water, and not volatile. Mr. C. Greville Williams has shown 
that the basic oil obtained 1)V distilling cinchonine contains, in 
addition to chiiioline, a series of homologous bases, similar in 
their ]>ro])erties to chiiioline, and ranging in composition from 
to their general formula being (^iH 2 n— iiN. 

Chtnoline-blce, Cyanine. — The action of amyl iodide upon 
chiiioline gives rise to iodide of amylchiiioline, Aicli- 

tioii of an excess of soda to an aqueous solution ot this iodide 
produces a black resinous preci})itate, widely dissolves in alcohol 
with a magnificent blue colour. This precipibite is the iodide 
of a base discovered by Mr. C. G. Williams, which has been 
(ialled cymiiiie. The colour of this body is unfortunately very 
fugitive. According to recent researches,* the formation of the 
iodide is represented hv the following equation: 2C^^H|gNI = 
CVIAI + HI. 

Bases, CnH2n->5N, metameric with Aiiilme and its homo- 
logues. — Coal-tar naphtha, and the volatile oil called DippeFs 
oil, obtained by the distillation of bones and other animal matters, 
contain several volatile bases having this composition, but differing 
greatly in their physical and chemical properties from the bases 
of the aromatic group. They are all liquid at ordinary tempera- 
tures, and react as tertiary monomines. Theii* formulm and boil- 
ing points are as follows : 

* Hofmann, Compt. I'end. Iv. 819. 
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B.P. B.P. 


Pyridine, 

C.h,n, 

117° 

Parvoline, 

('9II13N, 

188° 

Pi coline, 


133° 

Coridine, 


211° 

Lutidine, 

CH^N, 

ir)4° 

Rubidine, 

t’uHirN. 

230° 

Collidine, 

CsIIuN, 

179° 

Viridine, 


251° 


Pyridine is said to be formed artificially by heating amyl nitrate 
with 2)hosj)horic oxide : CrjHjjNO^— 3HjjO = C-Hr,N. When heated 
Avith sodium it is converted into dij)yridine, a crystal- 

line base wliich melts at 108°, and sublimes at liigher temi)era- 
tures in needle-shaped crystals. 

Picolhie, first obtained by Anderson frojii coal-tar na]>htha, is 
a mobile liquid, liaving a strong, persistent odour, and acrid, bitter 
taste: sp. gr. 0*055. It remains lupiid at —18°, and volatilises 
ipiickly in the air. It is strongly alkaline to tesr-i)a2>er, mixes 
with water in all proportions, and forms crystallisable salts. 

Di2)pers oil likewise contains methylamine and several of its 
homologues. 

Pyrrol, C?4H-N, first observed by Runge in coal-tar, afterwards 
(jbtained by Anderson from animal oil, is a very weak base, whose 
compouiuls with acids are destroyed by boiling with watiT. T(j 
prepare it, the bases of animal oil are dissolved in suljdiuric acid ; 
the solution, wdien submitted to protracted ebullition retains tlie 
stronger bases, allowing the 2>yrrol to 2>ass over. The distillate is 
heated with solid potassium hydrate, when the 2\vito1 combines 
slowly with the alkali, admixed impurities being volatilised. On 
ilissofving the 2^otassium-c()m2)Oiiiid in w'ater, tlie pyrrol sej)arates 
on the surface as an oily li(|uid. Pyrrol is colourless, insoluble 
in W'ater and alkalis, slowly soluble in acids: it has an ethereal 
odour resembling that of chloroform, a specific gravity = 1*077, 
and boils at 133°. It is easily recognised by the ])urple colour 
wdiicli it imparts to fir-W'r>od moistened wilh hydrochl<»ric acid. 

By heating an acick solution of ])yiTol, a red, flaky substance, 
pyrrol-red^ is produced, containing the lornmtion of 

which is represented by the folio wing equation : 

3(YH,N + II/) = CV,Hi 4N‘P + Nil,. 


BASES OBTAINED FROM ALDEHYDES. 

The bodies called hydra7aide.% ])roduced by the action of am- 
monia on furfurol (p. and on the aldehydes of the aromatic 
series, are neutral substances, not ca2)ablc of uniting with acids; 
but, when boiled wdth aqueous iiolash, they are converted, without 
addition or abstraction of any elements what(iver, into isomeric 
compounds, which are strong bases, combining readily wdth acids 
and forming definite salts. 
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Furfurine, Cj.Hj^NgOa,* is formed in the manner just de- 
scribed from furliiraniicle, a bydramide ol^tained by the action of 
ammonia on furfuroL It is a powerful Ixise, fonnint]f beauti- 
ful crystal] isable salts, and deconi])osin<' ammonia-salts at the 
boiling heat. Furf urine is very sparingly soluble in cold water, 
but dissolves in about 135 ])arts at KKF. Alcohol and ether dis- 
solve it freely: the solutions have a strong alkalijie reaction. It 
melts below the boiling point of water, and, when strongly heated, 
l)iirns with a red and smoky light, leaving but little charcoal. 
Its salts are intensely bitter. 

Amarine or Benzoline, Produced in like manner 

from hydrobeiizamide, sejuirates on adding ammonia to •a cold 
solution of its hydrochloride or sulphate, in while curdy masses, 
which when washed and dried, become greatly reduced in volume, 
In this state it becomes strongly electric by friction wit li a spatula. 
It is insoluble in water, but dissolves abundantly in alcohol : the 
solution is highly alkaline to test-])aj>ei, and if sutliciently con- 
centrated, dejxKsits the amarine on standing in small, colourless, 
])rismatic crystals, lielow 1()(F it melts, and on cooling assumes 
a glassy or resinous condition. Strongly heated in a retort., it 
decomposes, with production of ammonia, a volatile oil not yet 
e.\aniined, and a new body, pj/rohev::oli)ie or lophim^ ^^21^16^2 (0» 
which appears to be a feebly basic substanci*, insoluble in water, 
soluble in boiling alcohol. It is fusible by moderate heat, and 
on cooling becomc‘s a mass of colourless radiating needles or 
])lates. The salts of amarine are mostly s])aringly soluble : the 
sulphate, nitrate, and hydrochloihle are (uystallisable and very 
definite. 

Thialdine, is produced by the action of sulphur- 

etted hydrogen on aldehyde-ammonia (p. 747). It forms trans- 
parent, colourless, strongly-refracting crystals, having the form of 
gypsum, and a specific gravity = 1*191. 'Thialdine has a some- 
what aromatic odour, flielts at 43*3^ volatilises slowly at common 
temperatures, distils unchanged with the vapour of water, but 
decompost*s wlum heated alone. It is very sparingly soluble in 
water, easily in alcohol and ether. It has no action on vegetable 
colours, but dissoIv(\s freidy in acids, forming cry stall isable salts. 
Heated with sIak<Ml lime it is said to yield chinoUne. 

A very similar compound containing selenium has been prepared. 

Alanine^ (^3117X0.2, produced by treating acetic aldehyde wdth 
hydrocyanic and hydrochloric a<*ids, and leucinvy (^Hj.jNOo, ob- 
tained, in like manner, from valeric*, aldidivde, are likewise bases, 
forming definite salts with acids; but they are also acids, capable 
of forming salts by exchanging their hydrogen for metals ; they 

♦ This remarkable stibstanoe, the nearest approficli to the native alka- 
loids yet inade/was discovered by the author of this manual. —Ed. 
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have indeed the coinpoaiiion of amidopropionic and amidocaproic 
acids, and as such have been already described (pp, 683, 687). 
Glycocine, CgH^NO.^ (p. 681), is another body of tne same series 
and possessing similar properties. 


IL — Natural Organic Bases, or Alkaloids. 


The org«anic alkaloids constitute a remarkable and most interest- 
ing group of bodies ; they are met with in various jdants, some of 
them also in the animal organism. They are, for tlie most part, 
sparing!?" soluble in water, but dissolve in hot alcohol, from which 
they often crystallise in a very beautiful manner on cooling. 
Several of them, however, are oily, volatile liquids. The taste of 
the vegeto-alkalis, when in solution, is usually intensely bitter, 
and their action upon the animal economy exceedingly energetic. 
They all contain a considerable quantity of nitrogen, and are 
very complicated in constitution, having nigh molecular weights. 
This class of bodies is very numerous ; but the limits of this 
elementary work permit us to study only the more important 
raembei’s included in it. 

None of the organic bases occurring in plants have yet been 
formed by artificial means ; and their constitution is far from 
being completely understood. There can be no doubt, however, 
that the natural alkaloids, like the ai’tificial Imses, are substitution- 
products of ammonia. Many of them, when sul)mitted to the 
fiction of methyl or ethyl iodide, are capable of taking up a smaller 
or greater number of atoms of methyl and ethyl, and their deport- 
ment wi!h these alcohol-io<lides permits us to ascertain with great 
precision their degree of substitution. If a natural alkaloid, when 
submitted to the action of ethyl iodide, be found to require for 
conversion into a base of the formula, 




A 

B 

C 


ID 


OH, 




either 1, or 2, or 3 atoms of ethyl, we may infer that the alka- 
loid in question belongs to the class of bases represented by tlie 
formula) : 




(A 

• 




or 

B 

(H 

or 

H 

(H 



that it is a tertiaiy, a secondary, or a primary monamine. All 
natural alkaloids which have been examined, with the exception 
of conine, are tertiary bases. 
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Morphine, or Morphia, — This is the chief active 

principle of oi)iiini : it is the most characteristic body of the ^jroup, 
and the earliest known, dating back to the year 1804, when it was 
discovered by Sertiirncr. 

Opium, the inspissated juice of the poppy-capsule, is a very 
complicated substance, containing, besides morphipe, a host of 
other alkaloids in very variable quantities, combined with sul- 
phuric acid and meconic acid (p. 738). In addition to these, 
there are gummy, resinous, and colouring matters, caoutchouc, &c,, 
besides mechanical impurities, as chopped leaves. The opium of 
Turkey is the most valuable, and contains the largest quantity of 
morphine : the opiums of Egypt and of India are considerably 
inferior. Opium has been j^roduced in England of the finest 
quality, but at great cost. 

If ammonia be added to a clear, aqueous infusion of opium, a 
very abundant buff-coloured or brownish-white precipitate falls, 
which consists principallj’^ of moiphine and narcotine, rendered 
insoluble by the withdrawal of the acid. The product is too 
impure, however, for use. The chief difficulty in the preparation 
of tliese substances is to get rid of the colouring matter, which 
adlieres with great obstinacy, redissolving with the precipitates, 
and being again in part thrown down when the solutions are 
saturated with an alkali. The following method, which succeeds 
W'ell upon a small scjile, will serve to give the student some idea 
of a process very commonly pursued wlien it is desired to isolate 
at once an insoluble organic Imse, and the acid ^vith which it is in 
combination : — A filtered solution of opium in tepid water is mixed 
with lead acetate in excess; the precipitated lead meconate is 
separated hy a filter, and through the solution containing morphine 
acetate, now freed to a considerable extent from colour, a stream 
of sulphuretted hydrogen is passed. The filtered and nearly 
colourless licpiid, from which the lead has been thus removed, 
may be warmed to expel the excess of gas, once more filtered, and 
then mixed with a sliglit excess of caustic ammonia, which throws 
down the morjdiine and narcoiine: these may be separated by 
boiling ether, in which the latter is soluble. The lead meconate, 
well wtished, suspended in watei’, and decomposed by sulphuretted 
hydrogen, yields a solution of meconic acid. 

Morphine and its salts are advantageously prepared, on the 
large scale, by the ju’oeess of Dr. Gregory, A strong infusion of 
opium is mixed with a solution of calcium chloride, free from 
iron ; calcium meconate, which is nearly insoluble, then separates, 
while the hy<lrochloric acid is transfen*ed to the alkaloids. By 
duly concentrating the filtered solution, the hydrochloride of 
morphine may be made to ci^stallise, while the narcotine and 
other bodies are left behind. Kep^ted recrystallisation, and the 
use of animal charcoal, then suffice to whiten and purify the 
salt, from which the base may be precipitated in the pure state 

3 li 
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by ammonia. Other processes have been propos^, as that of 
Thiboxunery, which consists in adding slakea lime in excess to an 
infusion of opium, by which the meconic acid is rendered insoluble, 
while the morphine is token up with ease by the alkaline earth. 
By exactly neutralising the fiiteretl solution with hydrochloric 
acid, the morphine is pi*ecipitated, but in a srunewhat coloured state. 

Morphine, when crystallised from alcohol, forms small but very 
brilliant prismatic crystals, which are transj>arent and colourless. 
It requires at least KKX) parts of water for solution, tastes slightly 
bitter, and has an alkaline react ion. These elfects are much more 
evident iu the alcoholic solution. It dissolves in about 30 parts 
of boiling alcohol, and with great facility in dilute acids ; it is also 
dissolved by excess of caustic potash or soda, but scarcely by excess 
of ammonia. When heated in the air, morphine luelts, inflames 
like a resin, and leaves a small quantity of charcoal, which easily 
bums away. 

Morphine in powder strikes a deep-bluish colour with neutral 
ferric salts, decomposes iodic acid with liberation of iodine, and 
forms an orange-yellow compound with nitric acid : these reactions 
are by some considered characteristic. 

Crystallised morphine contains C17H19NO3. H2O. 

The most characteristic and best-defined salt of this base is the 
hydrochloride. It crystallises in slender, colourless needles, arranged 
in tufts or stellated groups, soluble in about 20 parts of cold 
water, and in its own weight at the boiling heat. The crystals 
contain 3 molecules of water. The sulphate, nitrate, and phosjthate 
are crystal lisable salts : the acetate crystallises w ith great difficulty, 
and is usually sold in the state of a dry powder. The artificial 
meconate is sometimes prepared for medicinal use. 

An alcoholic solution of morphine, heated in sealed tubes with 
methyl ifKlide, forms a crystalline compound, CigH^NO^I — 
Cj^7Hj9(CH3)N03l ; this substance yields, wdth silver oxide, a very 
alKaline solution, obviously containing an ammonium base. Mor- 
phine is therefore a tertiary amine, the group Cj7Hi903 represent- 
ing one or several radicals, which are together cajMible of replacing 
3 atoms of hydrogen. 

Apomorphine, Cj^Hj^NOg, a base containing H^O less than 
morphine, is produced by heating morphine in a sealed tube to 
140 ^- 150 ° with a large excess of hydrochloric acid ; also by simi- 
lar treatment from codeine, which has the composition of methyl- 
morphine, methyl chloride being formed at the same time : 

C13H21NO3 + HCI « CH3CI + H2O -f C^yHiyNOg. 

Apomorphine differs greatly from morphine in its relations to 
solvents and reagents. It is soluble in alcohol, ether, and chloro- 
form ; whereas morphine is almost insoluble in the last two liquids, 
and but slightly soluble in alcohol. Apomorphine is precipitated 
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by caustic potash, ammonia, lime-water, and acid sodium car- 
bonate, the precipitates being soluble in excess ; whereas morphine 
gives no precipitate with these reagents, except in very strong 
solutions. Apomo^hine forms with ferric chloride a dark 
amethyst-coloured liquid, and with potassium dichromate, a dense 
yellow-orange precipitate, which quickly decomposes; whereas 
morphine gives a blue colour with the former, and no particular 
reaction with the latter of these salts. Apomorphine produces 
with strong nitric acid a blood-red colour, becoming paler on 
warming; morphine, a yellow-orange colour, almost bleached on 
warming. Ai)omorphiTie also differs greatly from morjihine in 
i^^'v physiol ogicjil action; it is not narcotic, but a very small dose 
of it speedily produces vomiting. 

Codeine, CjgHgiNOj. — Hydrochloride of morphine, prepared 
directly from opium, as in Gregory's process, contains codeine- 
salt. On dissolving it in water, and adding a slight excess of 
ammonia, the morphine is precipitated, and the codeine left in 
solution. Pure codeine crystallises, by spontaneous evaporation, 
in colourless transparent octohedrons : it is soluble in 80 parts of 
cold, and 17 of boiling water, has a strong alkaline reaction, and 
forms cry stall isable salts. 

With ethyl iodide codeine forms a crystalline iodide, 
C^Hj^NOal = CigH^i(C 2 H 5 )N 03 l, furnishing with silver oxide a 
soluble base. C<^deine being considered as a tei-tiary monamine, 
the group CigHgiOg represents 3 atoms of hydrogen. 

Codeine has the composition of methyl-morphine. It haslieen 
carefully investigated by Dr. Anderson, who has prepared a great 
number of its derivatives, all of which establish the formula above 
given. 

The products of its reaction with hydrobromic and hydriodic 
acid have lately been studied by Dr. Wright.* 

Apocodeinej CigHjoNOg, a base containing 1 mol. HoO less 
than codeine, is produced by heating a solution of codeine hydro- 
chloride with a strong solution of zinc chloride. It is more stable 
than apomorphine, and resembles that base in most of its reac- 
tions, producing, however, a more permanent blood-red colour 
with nitric acid. It is a mild emetic, t 

Narcotine, C22H23NO7. — The 'nmrcj or insoluble portion of 
opium, contains much narcotine, which may be extracted by boil- 
ing with dilute acetic acid. From the filtered solution the narco- 
tine is precipitated by ammonia, and after>vards purified by 
solution in boiling alcohol, and filtration through animal charcoal. 
Narcotine crystallises in small, colourless, brilliant prisms, nearly 
insoluble in water. The basic powers of nurcotine are very 

♦ Proceedings of the Royal Society, xix. 371, 604; xx, 8; Journal of 
the Chemical Society, 1871, 404-932 ; 1872, 160. 

+ Matthiessen and Burnside, Proc. Roy. Soc., xix. 71. 
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feeble: it is destitute of alkaline reaction, and although freelv 
soluble in acids, refuses, for the most part, to form with them 
crystallisable compounds. 

Narcotine, treated with a mixture of dilute sulphuric acid and 
manganese dioxide, or a hot solution of platinic chloride, yields 
opianic acid (p. 739 ), together with basic products. 

Cotamine, CjoHigNOg, is contained in the mother-lir^uor frinn 
which opianic acid has crystallised ; it forms a yellow crysUilline 
mass, very soluble, of bitter taste, and feebly alkaline reaction. 
Its hydrochloride is a well-defined salt. 

Cotamine, gently heated with very dilute nitric acid, is con- 
verted into inethylaniiue nitrate, and cotamic acid, a bibasic acid, 
containing : 


4 - 2H2O + HNO3 = CHsN.HNOg + C„H 


12® .'i • 


Another basic substance, nnrcoyenme, was accidentally pro- 
duced in an attempt to prepare cotamine M'ith jdatinic cliloridc. 
It formed long orange-coloured needles, containing CigllmNO-,. 

Thebaine or Paramorphine, CjaH^iNOg, is contained in the 
precipitate formed by calcium hydmte in a strong infusion of 
opium, as in Thiboumery’s proce.ss for preparing morphine. The 
precipitate is well washed, dissolved in dilute acid, and mixed with 
ammonia in excess, and the thebaine thus thrown down is crys- 
tallised from alcohol. When 2>ure it forms colourless needles like 
those of narcotine, but sparingly soluble in water, readily soluble 
in the cold in alcohol ami ether. It melts when heate«l, and 
decomposes at a high temperature. With dilute acids it forms 
crystallisable comisDunds, and when isolated and in solution has 
a strong alkaline reaction. 

A series of other bases, pamverine, CjjpH^jNO., pseudo-morphine, 
C„Hi9NO„ narceine, (LjH-NC^ codannne, C,„HmN03, lanthopine, 
C.23H25NO4, laiidanine, CjpHjjNOj, meconidine, C^^23^0^,opianine, 
and porphyroxine, are also — at least occasionally — contained in 
opium : they are of small importance, and comparatively little is 
known respecting them.* 


Cinchonine and Quinine. — It is to these vegeto-alkalis that 
the valuable medicinal properties of the Peruvian barks are due. 
They are associated in the barks with sulphuric acid, and with a 
special acid, called quinic or kinic (p. 831 ). Cinchonine is contained 
in largest quantity in the pale bark, or Cinchona condaminea; 

S iinine in the yellow bark, or Cinchona cordifolia; the Cinchona 
longifolia contains both. 

The simplest, but not the most economical, method of preparing 
these substances is to add a slight excess of calcium hydrate to a 

* See Hesse, Ann. CSi. Pharm., cliii. 71 ; Gmelin’s Handbook, xviii. 
197 , 199 , 202, 210 ; Watts’s Dictionary of Chemistry, Supplement, 
p. 800. 
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strong decoction of the ground bark in acidulated water, wash the 
precipitate thereby produced, and boil it in alcohol. The solution, 
tillered while hot, deposits t^ vegeto-alkali on cooling. When 
both bases are present, they may be separated by converting them 
into sulphates : the quinine-salt is the less soluble of the two, and 
crystallises first. 

Pure ciiK'honine, or cinchonia, crystallises in small, but beauti- 
fully brilliant, transparent, four-sided prisms. It is but very 
slightly soluble in v/ater, dissolves readily in boiling alcohol, and 
lias but little taste, although its salts are excessively bitter. It is 
a powerful base, neutralising acids completely, and forming a 
series of crystallisable salts. Ciuchonine turns the plane of pola- 
risation to the right. 

Quinine or qiiina, much resembles cinchonine: it does not crys- 
tallise so well, however, and is much more soluble in water: its 
taste is intensely bitter. Quinine turns the plane of polarisation 
towards the left. 

Cinchonine is composed of . . C20H24N2O, and 

Quinine of .... . 

Quinine siil2)liate is manufactured on a very large scale for medi- 
cinal use ; it crystallises in small white needles, which give a 
neutral solution. It contains 2C2yH24N202.S04H2 + 7 aq. Its 
solubility is much increased by the addiliou of a little sulphuric 
acid, whereby the acid salt, CJH24N202.S04H2 4 “ 7 aq., is formed. 
A veiy interesting coiii]>ound lias been produced by Dr. Herapath, 
by the action of iodine U])on quinine sul])hate. It is a crystalline 
substance of a brilliant emenitd colour, which apj^ears to have the 
<'omi)osition 2C2()Il24No02.3H2S04.Ip + ^ remarkable 

comj)ouiid possesses the ojitical properties of the tourmaline 
(p. 74 ), 

Cinclionine and quinine yield with methyl iodide, compounds 
represented resi^ectively by the formula) C2 oH 2.(CH3)N20I and 
( -2oH24(CH3)N202l, which are converted by silver oxide into 
soluble bases analogous to tetrethyl -ammonium hydrate. 

Q ninid i ne, — In manufacturing quinine sulphate, a new base has 
been obtained, which differs from quinine in some of its physical 
properties, but is said to have the same composition. It has been 
described under the name of qtiinidiney and appears to have the 
same medicinal properties as quinine. The substance has been 
carefully examineil by Pasteur, whose researches have led to the 
following interesting results : 

The substance which is found in commerce under the name of 
quinidine is generally a mixture of two alkaloids, of which the one 
is isomeric with quinine, and tlie other with cinchonine. Pasteur 
designates these two substances respectively as quinidine and ciu- 
chonidine. They differ from quinine and cinchonine in several 
l)roperties, hut particularly in their deportment with polaiised 
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light ; for while quinine turns the plane of polarisation consider- 
awy towards the left^ quinidine exerts a powerful action towards 
the right. Again, while cinchonine deflects considerably towards 
the rights the action of the isomeric cinchonidine is in the op|)osite 
direction — namely, towards the left. It is evident that quinine 
and quinidine on the one hand, and cinchonidine and cincnonine 
on tne other, stand to each other in about the same relation 
as levo- and dextro-tartaric acids (p. 736), Nor are the terms 
wanting which correspond to racemic acid. Pasteur has, in fact, 
proved that both quinine and quinidine, and likewise cinchonine 
and cinchonidine, are peculiarly modified by the action of heat ; 
exposed for several hours to a temperature varying between 120 ° 
and 130°, quinine and quinidine are converted into a third isomeric 
alkaloid, which Pasteur terms quinicine^ while cinchonine and 
cinchonidine furnish an isomeric cinchonicine under the same cir- 
cumstances. In racemic acid the right-handed action of dextro- 
tartaric, and the left-handed action of levo-taiiaric acid, are 
exactly balanced, racemic acid possessing no longer any action 
upon polarised light : in nuinicine and cinchonicine, such a per- 
fect balance is not observed ; both still exert a feeble right-handed 
action, which is, however, ve^ slight when compared with the 
rotatory powers of the alkaloids which give rise to them. The 
following table exhibits the relations of the six alkaloids, and their 
analogy with the racemic group, in a more conspicuous manner : 


Quinine 

Left-handed^y 

powerfully. 

Cinchonine 
Right-haudedy 
very powerfully. 

Dextro-tartaric acid 
Right-handed. 


Quinicine 

Right-handed^ 

feebly. 

Cinchonicine 

Right-handedj 

feebly. 

Racemic acid 
neutral. 


Quinidine 
Right handed, 
very powerfully. 

Cinchonidine 

Left-handed^ 

powerfully. 

Levo- tartaric acid 
Left-handed. 


Chinoidiney Quinoidine, or Amorphous quinine^ is contained in 
the refuse, or mother-liquors, of the quinine manufacture. In its 
purest state it forms a yellow or brown resin-like mass, insoluble 
in water, freely soluble in alcohol and ether. It is easily soluble 
also in dilute acids, and is thence precipitated by ammonia. 
Quinoldine possesses powerful febrifuge properties, and is identical 
in composition with quinine. It evidently bears to quinine the 
saii^e relation that uncry stallisable syrup bears to ordinary sugar, 
being produced from quinine by the heat employed in the 
pr^aration. 

From Cusco- or Arica-harhj and likewise from the Cinchona 
ovata^ or white quinqidna of Condaminef a substance denominated 
Aricine or Cinchovatine has been extracted : it closely resembles 
cinchonine, and is said to contain C 20 H 2 QN 2 O 4 . This formula 
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•exhibits a close analogy to the formulae of cinchonine and quinine. 
Aricine is useless in medicine. 

Strychnine, CgiHggNgOg, and Brucine, C22H26N2O4, also called 
Strychnia and Brucia^ are ntained, together with several still 
imperfectly known bases, in Nux vomica, in St. Ignatiu^ bean, and 
in false Angustura bark. Strychnine and brucine are generally 
associated with a j^eculiar acid, called igasuric acid. Nux vomica 
seeds are boiled in dilute sulphuric acid until they become soft : 
they are then crushed, and the expressed liquid is mixed with 
excess of calcium hydrate, which throws down the alkaloids. The 
precipitate is boiled in spirits of wine of sp. gr. 0 ’ 850 , and filtered 
not. Strychnine and brucine are then deposited together in a 
coloured and impure state, and may be separated by cold alcohol, 
in which the latter dissolves readily. 

Pure strychnine crystallises under favourable circumstances in 
small but exceedingly brilliant octohedral crystals, which are 
transparent and colourless. It has a very bitter, somewhat 
metallic' taste (1 part in 1,000,000 parts of water is still per- 
ceptible), is slightly soluble in water, and fearfully poisonous. 
It dissolves in hot, and somewhat dilute .«<pirit, but not in absolute 
alcohol, ether, or solution of caustic alkali. This alkaloid may 
be readily identified by moistening a crystal with concentrated 
sulphuric acid, and adding to the liquid a crystal of potassium 
dichromate, wdien a deep violet tint is produced, which dis{U)pears 
after some time. Strychnine forms with acids a series of well- 
defined salts, which have been examined by Messrs. Nicholson and 
Abel.* 

Strychnine foniis with ethyl iodide a crvstalline compound, 
C2iH22(C,H6)N292l, converted by silver oxide into a soluble base. 

Brucine is easily distinguished" from strychnine, which it much 
resembles in many respects, by its ready solubility in alcohol, both 
hydrated and absolute. It dissolves also in about 5 (K> parts of hot 
water. The salts of brucine are, for the most part, crystallisable. 

Veratrine, or Veratria, 0321152^203, is obtained from the 
seeds of Veratrum Sahadilla. In the pure state it is a white or 
yellowish-white pow^der, which has a sharp burning taste, and is 
very poisonous. It is remarkable for occasioning violent sneezing. 
It is insoluble iii water, but dissolves in hot alcohol, in ether, and 
in acids : the solution hUvS an alkaline reaction. • 

A substance called colchicine, extracted from the Colchicum 
autumnale, and formerly confounded with veratrine, is now con- 
sidered distinct : its history is still imperfect. 

Harmaline, Ci3Hi4N20. — This compound is extracted by dilute 
acetic acid from the seeds of the Peganwm Hannala, a plant which 
grows abundantly on thq Steppes of Southern Russia, and the 
seeds of which are used in dyeing. When pure, it forms yellowish 
♦ Quarterly Journal of the Chemical Society, vol. ii. p. 241 . 
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prismatic crystals, soluble in alcohol and dilute acids, hut scarcely 
forming cry stall! sable salts. By oxidation it gives rise to another 
compound, harmine^ Ci3Hi2N20, which also possesses basic pro- 
perties. 

Caffeine, or Theine, C8H10N4O2. — This remarkable substance 
occurs in four articles of <lomestic life, infusions of which are used 
as beverages over the greater part of the known world — namely, 
in tea and coffee, in the leaves of Guarana officinalis^ or Paullinia 
sorbilisy and in those of Ilex jparaguensis ; it will probably be 
found in other plants. A decoction of common tea, or of raw 
coffee-berries, previously crushed, is mixed with excess of solution 
of basic lead acetate. The solution, filtered from the copious 
yellow or greenish precipitate, is treated with sulphuretted hydro- 
gen to remove tlie lead, then filtered, evaporated to a small bulk, 
and neutralised with ammonia. The Ciiffeine crystallises out on 
cooling, and is easily purified by animal charcoal. It forms tufts 
of delicate, white, silky needles, which have a bitter taste, melt 
when heated, with loss of water, and sublime without decomposi- 
tion, It is soluble in about 100 parts of cold Avater, Jirid much 
more easily at the boiling heat, or if an acid be present. Alcohol 
also dissolves it, but not easily. The basic properties of caffeine 
are feeble. The salts which it forms Avith hydrochloric and 
sulphuric acids are difficult to prepare. It forms, however, splendid 
double salts Avith platinum tetrachloride and gold trichloride. The 
products of oxidation of caffeine, Avhich haA^e been studied by 
Rochleder, are of considerable interest, inasmuch as both their 
composition and their properties establish a close connection 
between these products and the derivatiA’^es of uric acid (p. 932). 
Under the influence of chlorine, caffeine yields anvalic acidy a sub- 
stance of feebly acid properties, having the*, composition of hydrated 
tetramethyl-alloxantin, (\(CHq) 4N4()7 -{- aq. When treated Avith 
oxidising agents, it yields cholestrophaney correspond- 

ing to parabanic acid in the uric acid series. Cholestrophane 
may be viewed as dimethyl-parabanic acid ; it has, in fact, been 
obtained by digesting silver parabanate Avith methyl io<lide : 

C3Ag2N203 + 2CH3I = 2AgT + C5H0N2O3. 

Lastly, the murexide of the caffeine series is formed by the treat- 
ment of anialic acid with ammonia, exactly as the true murexide 
from uric acid is formed by the action of ammonia upon allox- 
antin. The new murexide imilates its prototype, not only in 
composition, but likewise in the green metallic lustre of its 
crystals, and the deep crimson colour of its solutions (p. 940). 

Theobromine, C7H3N4O2.— The seeds of the Theohrojna Cacao^ 
or cacao-nuts, from wnich chocolate is prepared, contain a crys* 
tallisahle principle, to which this name is given. It is extracted 
in the same manner as caffeine, and forms a white, crystalline 
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powder, which is much less soluble than the last-named sub- 
stance. Theobromine is easily sokible in acmeous ammonia ; by 
adding silver nitrate to this solution, and boiling, a crystalline 
precipitate of silver-theobrop 'ne, CyHyAgN402, is obtained. By 
treating this silver compoimd with method iodide, Strecker obtained 
silver iodide and cafieine : C7H7AgN402 + CH3I = Agl -|- 
CgHjQN402, which may be extracted with alcohol, (jafteine must 
therefore be regarded as methyl- theobromine. The products 
obtained from theobromine by oxidation appear to be homologous 
wdth several terms of the uric acid series. 

Xanthine, C^H4N402. — Xanthine was first described by Dr. 
Marcet under the name of xanthic oxide, which he discovered as 
a constituent of urinary calculi; recently it has been found 
among the products of the decomposition of guanine. It is 
present in nearly every part of the animal organism, and, although 
in very minute quantities, in urine. 

Xanthine, according to Strecker, may be prepared with the 
greatest facility from guanine (p. 906). Potassium nitrite is 
added to a solution of guanine in concentrated nitric acid until a 
jiowerful evolution of red fumes takes place : the solution is then 
mixed with a large quantity of water, whereby a yellow sub- 
stance is precipitated, which, after washing with water, is dis- 
solved in ammonia. A solution of ferrous sulphate is now added 
until a black precix)itate of iron oxide begins to appear.* The 
still powerfully ainiuoiiiacal solution is filtered and evaporated to 
dryness; and the residue is extracted with water in order to 
separate the ammonium sulphate; then dissolved in ammonia, 
and evaporated. Xanthine is a white, aniorphous powder, 
difficultly soluble in water, soluble in acids, with which it forms 
crystalline compounds. The sulphate has the composition 
20.114X402. H2SO4 . Xanthine dissolves with facility in ammonia 
and potash. Its characteristic property is to dissolve without 
evolution of gas in nitric acid, and to give on evaporation a deep- 
yellow residue, which, on addition of ammonia or solution of 
jjotash, assumes a yellow-red colour. By treatment of silver- 
xanthine, C^,H2AgoN.02, with methyl iodide, Strecker obtained a 
body isomeric with tlieobromine : 

+ 2CH3I =. 2 Agl + C7HSN4O2. 

Sarcine (Hypoxanthine), C5H.N4O. — This base is a constituent 
of the flesh of vertebrata. It is best prepared from the mother- 
liquor of creatine (p. 906), by diluting with water and boiling with 
cupric acetate, whereby the sarcine is juecipitated in combination 

* The treatment of guanine with nitric acid gives rise to xanthine and 
nitroxanthine, which by the action of reducing agents is converted into 
xanthine. Strecker recommends a ferrous salt for this purpose. 
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with cupric oxide. This precipitate is dissolved in nitric acid and 
mixed with silver nitrate ; the crystals, a compound of sarcine 
nitrate with silver tiitrate, are purified by re-crystallisation from 
nitric acid, and are then, by ebullition with an aminoniacal solution 
of silver nitrate, converted into the compound of sarcine with 
silver oxide, C5H4N4O. AggO, which is decomposed by sulphuretted 
hydrogen. 

Sarcine forms delicate white microscopic needles, difficultly 
soluble in cold water, easily soluble in boiling water, in dilute 
acids, ammonia, potash, and baryta-water. It forms crystallisable 
salts, contiiining 1 ec|uivalent of acid, and it unites with l)ases, like 
guanine, forming crystalline compounds containing 1 molecule of 
metallic oxide, such as the silver-comj)ound above mentioned. 


Ouanine, CgH^N^O. — This base was first obtained from guano ; 
it has also been jiroved to exist in the jmncreatic juice of mam- 
malia, and in the excrement of the spider. To prepare it, guano 
is boiled with water and calcium hydrate until a portion of the 
liquid, when filtered, appears but slightly coloured : the whole is 
then filtered, and the filtrate saturated with acetic acid, whereby 
the guanine is precipitated, mixed with uric acid. It is purified 
by solution in hydrochloric acid and precipitation by ammonia. 

Guanine is a colourless, crystalline i)owder, insoluble in water, 
alcohol, ether, and ammonia, soluble in acids and solution of 


potash. It unites with acids forming crystallisable salts, e,g,^ 
&sH.N,O.HCl + aq.; 20,115^50.^,804 + 2aq.; 3C,H5N,0. 
200^204; also with metallic bases and salts; e,g.^ C5H5N5O. 
NarlO + 2 aq. ; C5H5N5O . AgNOg. By oxidation with hydrochlo- 
ric acid and potassium chlorate, it is converted into a mixture of 
guanidine and parabanic acid (p. 888). 

Guanine, sarcine, and xanthine Ijear a great resemblance to each 


other, and are all found in the animal organism. Guanine, on 
Account of its insolubility in water and ammonia, may easily be 


separated froju the two other substances. To separate xanthine 
and sarcine they are converted into the hydrochlorides, wliich are 


treated with warm water ; xanthine hydrochloride is so little 


soluble in that liquid, that it may easily be separated from the 
admixed hydrochloride of sarcine. 


Creatine, CAH 9 N 302 . 2 aq. — Creatine was first observed by 
Chevreul, and nas been studied very carefully by Liebig, who 
obtained it from the soup of boiled meat. It is prepared from the 
juice of raw flesh by the following process : A large quantity of 
lean flesh is cut up into shreds, exhausted by successive portions 
of cold water, strained and pressed. The liquid, which has an 
acid reaction, is heated to coagulate albumin and colouring matter 
of blood, and passed through a cloth. It is then mixed with pure 
baryta-water as long as a precipitate appears, filtered from the 
deposit of phosphates, and evaporated in a water-bath to a syrupy 
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state. After standing for some days in a warm situation, the crea- 
tine is gradually deposited in crystals, which are easily purified hy 
resolution in water and digest! »n with a little animal charcoal.* 

When pure, creatine forms colourless, brilliant, prismatic crystals, 
which become dull hy loss of water at 100® They dissolve readily 
in boiling water, sparingly in cold water, and are but little soluble 
in alcohol. The aqueous solution has a weak bitter taste, followed 
by a somewhat acrid sensation. In an impure state the solution 
readily putrefies. Creatine is a neutral bociy, not combining either 
with acids or with alkalis. In the crystallised state it contains 
C4H,N302.2H,0. 

Creatinine, C^H^N^G. — By the action of strong acids, creatine 
is converted into creatinine^ a powerful organic base, with separa- 
tion of the elements of water. Creatinine forms colourless pris- 
matic crystals, and is much more soluble in water than creatine : it 
has a strong alkaline reaction, and forms crystal lisable salts with 
acids. # 

Creatinine pre-exists to a small extent in the juice of flesh, 
together with lactic acid and other bodies not yet perfectly 
examined. It is also found in conjunction with creatine in urine. 

Saroosine, CgH^NOg, formed by boiling creatine with baryta- 
water, has the composition of methyl-glyocine or methyl-amid- 
acetic acid, C 2 H 4 (CH 3 )NOj^, and has been already described among 
the derivatives of acetic acid (p. 682). 

Berberine, CgiH^gNO^, is a substance crystallising in fine yellow 
needles, slightly soluble in water, extracted from the root of the 
Berheris vulgaris. It has feeble basic properties. This must not 
be confounded with bebeerine^ an uncrystallisable basic substance, 
from the bark of the green-heart tree of Guiana, w^hich has the 
composition CjgH 2 iN 03 . 

Piperine, Ci 7 HjgN 03 . — A colourless, or slightly yellow crys-^i 
tallisable principle, extracted from pepper by the aid of alcohol. 
It is insoluble in water. Piperine dissolves readily in acids; 
definite compounds are, however, difficult to obtain. 

Oonine {Cmicine^ or Conia)^ Nicotine, and Sparteine differ 
from the other vegetable bases in physical characters and in com- 
position : they are volatile oily liquids, not containing oxygen. 
The first is extracted from hemlock, the second from tobacco, and 
the third from broom {Spartium Scoparium). They agree in most 
of their characters, having high boiling points, very poisonous pro- 
perties, strong alkaline reaction, and the power of forming crystal- 

* The mother-liquid from flesh from which the creatine has been 
deposited contains, among other things, an acid, called inosinic, the aqueous 
solution of which refuses to crystallise. It has a sti'ong acid reaction, 
and is precipitated in a white amorphous state by alcohol. It probably 
contains CioHi4NaOn . 
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lisable salts with acids. The formula of nicotine is C10H14N2; 
that of conine, ; and that of sparteine, 

A mixture^ of nicotine with methyl or ethyl iodide solidifies after 
a short time to crystalline masses, containing CioHi4(CH3)2N2l2, and 
CioHi4(C2H5)2N2l2, convertilde hy silver oxide into soluble oases. 

Conine is a secondary monamine wliich may be represented by 

the formula, N | ^ Treated with ethyl iodide it yields 

successively two iodine-compounds — namely, CgHj5(C2H5)NI and 
C8H,4(C2H-)2N1. Tlie latter is converted by silver oxide into a 
soluble base. 

A base isomeric with conine has lately been formed artifi- 
cially by heating normal butyric aldehyde, C4HgO, with alcoholic 
ammonia, whereby a base called dilmfyraldine is ol>lcained, having 
the composition C 8 Hi^NO[== 2C4H8O + NH3 — HgO], and subject- 
ing the base to dry distillation : 

CgHj.NO - HP = C8H4,N.* 

This artificial conine, or para-conine^ is a violent poison, acting 
in the same manner as the natural base. But it is less soluble in 
water, more expansible by heat, and exhibits somewhat dilferent 
reactions with hydrochloric acid, silver nitrate, and gold chlo- 
ride. AVith ethyl iodide it forms the iodide of an ammonium- 
base, convertible by silver oxide into a strongly alkaline, bitter 
syrupy li(piid : hence it is a tertiary monamine. 

Closely allied to conine is conhydrine^ CgH.^NO, a crystalline 
base, extracted by Wertheim from hemlock. When distilled with 
anhydrous phosphoric acid, it splits into conine and one molecule 
of water. 

There are very many other bodies, more or less perfectly known, 
having to a certain extent the properties of alkaloids : the follow- 
ing statement of the names and mode of occurrence of a few of 
^ them must suffice. 


Hyoscyamine (Dat^irine ). — A white, crystallisable substance, from 
Hyoscyamus niger; it occurs likewise in Datura Stramonium, 

Atropine^ C4-H23NO3. — Colourless needles, from Atropa Bella- 
donna, 

Solanine^ C43H7iN0^3(?). — A pearly, crystalline substance, from 
various solanaceous plant s (p. 643 ). 

Aconitine^ C3QH47NO7. — ^A glassy, transparent mass, from Aconi- 
turn Napellus, 

Delphinine . — A yellowish, fusible substance, from the seeds of 
Delphinium Staphisagria. 

Emetine , — A white and nearly tasteless powder, from ipeca- 
cuanha root. 

Gurarine , — The arrow-poison of Central America. 


* ScLiff, Ann. Ch. Pharm. clvii. 352 ; Chem. Soc. Joum. [2j, ix. 400 ; x. 416. 
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III, — Phosphorus, Antimony, and Arsenic Bases. 

Phosphorus, antimony, an I arsenic being, like nitrogen, eitlier 
trivalent or quinquivalent, are capable of forming compounds 
analogous to the amines and the compound ammonium-salts. A 
few of these remarkable compounds will be brielly described in 
the following paragraphs. 


PHOSPHINES. 

Paul Thenard, by passing the vapour of methyl chloride over 
calcium phosphide heated to about IBO®, obtained a mixture of 
phosphoretted l^odies, from which he separated three compounds 
believed to correspond in composition with tlie three hydrides of 
phosphorus (p. 22 G), viz., P2(CH^), P(CH3)2, and P(CH3)3; 
bodies were, nowever, l^nt very imperfectly investigated. More 
recently Cahours and Hofmann, by subjecting zinc-methyl and 
zinc-ethyl to the action of phosphorus tiichloride, have obtained 
saline compounds, from which, by distillation with potash, the 
bases P(CH3)3 and P(C2H5)3, analogous to the teiliary monamines, 
may be liberated ; thus ; 

3Zn(C2H,)2 + 2 PCI 3 = 3ZnCl2 + 2P(C2Tl5)3 

Zinc-ethyl. Tiiethyl-phos- 

phine. 

Triethylphosphine, CgHj^P = P(C 2 H 03 . — This substance is a 
colourless oil having a very penetrating phosphorous odour, and 
boiling at 133 "^, It is slowly oxidised in atmospheric air. The 
vapour, heated with air or oxygen, exj)lodes. In chlorine gas it 
burns with separation of carbon, hydrochloric acid and phosphorus 
I^entachloride being produced. With acids it forms crystalline 
compounds, which are very deliquescent. With iodide of methyl, 
ethyl, and amyl, it solidifies after a few moments to crystalline 
compounds, containing respectively P(C2H5)3(CH3)I, P(C2H5bI, 
and P(C2H5)3 (CcH,i)I, which ai^ decomposed by silver oxide, 
yielding powerfully alkaline liquids, containing the hydrates 
l>(C2H,)3(fcH3)(OH), P(C3H3)4(0H) and P(C3H3).(C3ri,,)OH, 
which in every respect resemble hydrate of tetrethylammoniimi 
and its homologues. 

Trimethylphosphine, CgH^P = P(CH3)3. — This substance is 
very similar to the corresponding ethyl-base, hut more volatile. 
When left in contact with atmospheric air, it forms an oxide which 
ciwstallises in beautiful white needles. With iodide of methyl, 
ethyl, and amyl it yields the iodides P(CH^4l, P(CH,)3(C2H^I, 
and P(CH3)3(C5H4 j)I, from which three analogous hydrates may 
he produced by means of silver oxide. 
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ANTIMONY BASES OR STIBINES. 

Triethylstibine or Stibethyl, Sb(C2Hfi)3, is obt^ned by dis- 
tilling ethyl iodide with an alloy of antimony and potassium. It 
is a transparent, very mobile liquid, havin<j^ a penetrating odour 
of onions. It boils at 158°. In contact with atmospheric air, it 
emits a dense white fume, and frequently even takes fire, burning 
with a white brilliant flame. It is analogous in many of its re- 
actions to triethylamine, but has much more powerful combining 
tendencies, uniting readily with 2 atoms of chlorine, bromine, 
or iodine, and 1 atom of oxygen or sulphur, thereby forming 
compounds in which the antimony is quinquivalent, such as 
Sbv(C2H5)3Cl2, Sbv(C2H6)3^ ^ saiiie tendency to act as a 

bivident-r^ical is, however, exhibited by triethylamine, which, 
though it does not unite directly with elementary bodies, cau 
nevertheless take up a molecule of hydrogen chloride, ethyl iodide, 
&c., likewise producing compounds in which the nitrogen is quin- 
quivalent, e.g., Nv(C 2H,)3HC1, &c. 

Stihethyl oxide^ Sb(C2Hs)30, forms a viscid, transparent, bitter, 
non-poisonous mass, soluble in water and alcohol ; not volatile 
without decomposition. Treated with acids, it forms crystallisable 
salts containing 2 molecules of a monatomic or 1 molecule of a 
diatomic acid-radical, e.g.: Sb(C2H6)3(N03)2, Sb(C2Hj3S04, &c. 
The sulphide^ Sb(C2H5^3S, forms beautiful crystals of silvery lustre, 
soluble in water and alcohol. Their taste is bitter, and their odour 
similar to that of mercaptan. The solution of this compound 
exhibits the deportment of an alkaline sulphide; it precipitates 
metals from their solutions as sulphides, a soluble salt of stihethyl 
being formed at the same time. This deportment, indeed, affonls 
the simplest means of preparing the salts of stihethyl. The chlo- 
ridcj Sb(CoIl3)3CL2, is a colourless liquid, having the odour of tur- 
pentine oil. The iodidcy Sb(C2H5)3l2, forms colourless needles of 
intensely bitter taste. 

The analogy of triethylstibine with triethylamine is best ex- 
hibited in its deportment with ethyl iodide. The two substances 
combine, fonning tetrethylsti bonium iodide, Sb(C2H3)4l, 
from winch silver oxide separates a powerful alkaline base analo- 
gous to tetrethylammonium hydrate : 

N(C2H3)4(0H) Sb(C 2 H,) 40 H . 

A series of analogous substances exists in the methyl series. 
They have been examined by Landolt, who has described several 
of their compounds, and separated the methyl-antimony-base cor- 
responding to tetramethylammonium hydrate. 

The iodide^ (Sb(CH3)4l, produced by the action of methyl iodide 
upon trimethylstibine, Sb(CH3)3, ciystallises in white six-sided 
tables, which are easily soluble in water and alcohol, and slightly 
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soluble in ether. It has a very bitter taste, and is decomposed 
by the action of heat. When treated with silver oxide, it yields 
a powerfully alkaline solution, exhibiting all the properties of 
potash, from, which, on evap station, a white crystalline mass, the 
hydrate of tezramethylstihonium^ Sl3(CH3)4(OH), crystallises. This 
compound forms an acid salt with sulphuric acid, which crystal- 
lises in tables. It contains Sb(CH3)4S04H. 


ARSENIC BASES. 

Triethylarsine, As(C2H5)o, is produced by distilling an alloy 
of arsenic and sodium with ethyl iodide. At the same time, also, 
there is formed another body, containing A82(Cj,H5)4, analogous to 
arsendimethyl or cacodyl. Both compounds ai*e liquids of power- 
ful odour ; they may be separated by distillation in an atmosphere 
of carbon dioxide, the triethylarsine passing over last. 

Triethylarsine may be obtained jiure by a process analogous to 
that employed for the preparation of triethylphosphine, namely, 
by distilling arsenious chloride, AsClg, with zinc-ethyl. It is a 
colourless licpiid of most disagreeable odour, similar to that of 
arsenietted hydrogen, soluble in water, alcohol, and ether, and 
boiling at 140®. Triethylarsine combines directly with oxygen, 
sulphur, bromine, and iodine, giving rise to a series of compoimds 
containing 2 atoms of bromine or iodine, 1 atom of sulphur or 
oxygen, and analogous to the corresponding compounds of triethyl- 
stibine. 

Triethylarsine submitted to the action of ethyl iodide yields a 
crystalline compound, As(C2H5)4l, from which freshly precipitated 
silver oxide separates the corresponding hydrate, As(C2H5)40H, a 
powerfully alkaline subsUince, similar to the corresponding nitro- 
gen-, phosphorus-, and antimony-compounds. 

Analogous substances exist in the methyl series. Trimethyl- 
arsirie^ As(CH3)3, is formed, together with arsendimethyl or cacodyl, 
As 2(CH3)4, when an alloy of arsenic and sodium is submitted to 
the action of methyl iodide. It unites with methyl iodide, pro- 
ducing tetramethylarsonium iodide^ As(CH3)4l, from which silver 
oxide separates the hydrate, As(CH3)40H. The iodide just men- 
tioned is formed, together with iodide of cacodyl, when cacodyl is 
acted upon by methyl iodide: 

Ab,(CH 3)4 + 2CH3I « As(CH3)4l + As(CH3)2l. 

By substituting ethyl iodide for methyl iodide in this reaction, 
the compound A8(CH3)2(Cc^H5)2lj is formed. All these iodides, 
treated with moist silver oxide, yield the corresponding hydrates. 

Arsendimethyl and arsenmonomethyl will be most conveniently 
described in this place, though they do not strictly belong to the 
ammonia type, at least when in the free state. 
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As(CH3)2 

Arsendimethyl or Cacodyl, As2(CH3)4, or | . — The 

As(CH3)2^ 

arsenic in this compound is still tri valent, one unit of equivalence 
of each of the arsenic-atoms being satisfied by comliination with 
the other, just as in the solid hydrogen arsenide, AS2H4 (p. 481). 
When, however, the arsendimethyl combines with chlorine or 
other monatomic radicals, tlie molecule splits into two ; thus : 

AaXCH3)4 + CI 2 = 2As-(CH3)2CI. 

Cacodyl, so called from its repulsive odour, constitutes, together 
with its products of oxidation, the si^ontaneously inflammable 
liquid known as Gadefs fuming liquid, or Alkarsm, This liquid 
is prepared by distilling equal weights of potassium acetate and 
arsenious oxide in a glass retort connected with condenser and 
tubulated receiver cooled by ice, a tube being attached to the 
receiver to carry away the permanently gaseous products to some 
distance from the experimenter. At the close of the ojDeration, 
the receiver is found to contain two Iiqui<ls, besides a quantity of 
reduced arsenic : the heavier of these is the crude cacodyl ; the 
other consists chiefly of water, acetic acid, and acetone, llie gas 
given oft* during the distillation is principally carbon dioxide. 
The crude cacodyl is repeatedly washed by agitation with water 
previously freed from air by boiling, and afterwards redistilled 
from potassium hydrate in a vessel filled with pure hydrogen 
gas. All these operations must be conducted in the open air. 

Pure cacodyl is obtained by decomposing the chloride with 
metallic zinc, dissolving out the zinc chloride with water, and 
dehydrating the oily liquid with calcium chloride. The strong 
tendency of cacodyl to take fire in the air, and the extremely 
poisonous character of il s vaj)our, render it necessary to perform 
all the distillations in sealed vessels filled with carbon dioxide. 

Cacodyl is a colourless, transparent liquid, boiling at 170°, and 
crystallising at 6° in large transparent prisms. It smells like 
alkarsin, and is even more inflammable. At a temperature below 
redness it is resolved into metallic arsenic and a mixture of 2 vols. 
methane and 1 vol. ethene : 2As.^C2H3 = AS4 + 2CH4 + ^2!^^ • 

Cacodyl instantly takes fire when poured out into air or oxygen 
or chlorine. With very limited access of air it throws off white 
fumes, passing into oxide and ultimately into cacodyl ic acid: it 
combines also directly with sulphur. It can take up 2 atoms of 
a monad or 1 atom of a dyad element, forming compounds like the 
chloride, As2(CH3)4Cl2 = 2As(CH3)2CJJ, and the oxide, As2(CH3)40, 
in which the arsenic is trivalent ; or again, 6 atoms of a monad or 
3 atoms of a dyad element, forming compounds like the trichloride, 
As2(CH3)4Clg = 2As(CH3)2Cl3, in which the arsenic is quinqui- 
valent. These last mentioned bodies are the most stable of all the 
cacodyl compounds. 
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Cacodyl Chloride (U* Arsen-chlorodimelhide, As'^'((.Jlf3)2Cl, is 
obtained by distilling alkarsin with strong hydrochloric acid, or 
better, by mixing the dilute ahioholic solutions of alkarsin and 
mercuric chloride, distilling the resulting preeijntate of cacodylic 
chloroniercurate, As/Cll 3)40 witli very strong hy<lro- 

chloric acid, (iiid digesting Uie distillate for several clays in a 
seal( 3 d bulb apparatus Avith calcium chloride and <|uickliine, and 
finally distilling it in an atmosphere of carbon dioxide. 

Cacodyl chloride is a colourless liquid which does not fume in 
the air, but emits an intensely poisonous va]>our. ft is heavier 
than water, insoluble in that licjuid and in ether, but easily soluble 
in alcohol. The boiling point of this compound is a little above 
100^; its va])our is colourless, sj)ontaneously iiiHanimalile in the 
air, and has a density of 4*50. Dilute nitric acid dissolves the 
chloride without change ; with the concentrated acid ignition and 
explosion occur. Cacodyl chloride combines with cii])rous chlo- 
ride, forming a Avhite, insoluble, crystalline double salt, containing 
Asjj(CH 3 )^Cl 2 .(Ju/. 1 .^ ; also with cacodyl oxide. It forms a thick 
viscid hydrale, (*asilv dehydrated by calcium (diloride. Cacodyl 
trichloride^ As'’(( is produced )>y the action of jiliosphorus 
pentachloride on cacodylic acid : 

AsXCIl3),0''(OII) + 2VCh = As(CH 3 ),Cl 3 + 2 POCI 3 +UC1; 

also by the action of chlorine gas on the monochloride. Prepared 
by the tirst method, it forms splendid large ]>risniatic crystals, 
which are instantly decomposed, between 4(P and r>(P, into methyl 
(diloride and arseu-mononiethyl chloride : 

AsXCH3)^Cl3 - CH3CI + As^XCITJCh. 

Cacodyl Iodide^ As(CH;j).,I, is a thin, yellowish, heavy liciuid, of 
offensive odour, pre])ared by distilling alkarsin with strong solu- 
tion of hydriodic acid. A yellow crystalline oxyiodide is formed 
at the same time. Cacodyl bromide and fluoride have also been 
obtained. 

Cacodyl (hjanide^ As(( is easily formed Viy distilling 
alkarsin witli strong hydrocyanic acid, or mercuric (cyanide. 
Above 33^^ it is a oolonrless, ethere^il limiid, hut below that 
temperature it crvslallises iu colourless four-sided prisms, of 
beautiful diamond lustre. It lioils at about 140°, and is but 
slightly soluble in water. It tak(*s fire only when heated. The 
va]M)ur of this substance is most fearfully ]»oisouous : the atino- 
spliere of a roimi is said to be so far containinaled by the evaporation 
of a few grains of it as to cause iustautaneous numbness of the 
hands and feet, vertigo, and even unconsciousness. 

Cacodyl Oxidt% As'"j,(( is formed by the sIoav oxidation 

of cacodyl. When air is allowed access to an aqueous solution of 
alkarsin, so sloAvly tliat no sensible rise of teinperalure follows, 
that body is gradually converted into a thick, syrujiy litiuid, full 

3 M 
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of crystaln of cucoilylic mill. On ilissolviiij^ this mass in water, 
and (listillinjj:, water having the odonr of alkarsiu passes over, 
and afterwards an oily licpiid, which is the cacodyl oxide. Iinpure 
cacodylic acid remains in the retort. 

Cacodyl oxide, purified by rectification from caustic baryta, is a 
colourless, oily Ihpiid, having a pungent odour, sjuiringly soluble 
in water, and boiling at 120°, strongly resembling alkarsiu in 
odour, in its relations to solv'ents, and in the givat(*r numb(*r of 
its read ions; Init it neither fumes in tlie air, nor takes fire at 
common temperatures: its vapour mixed with air, and heated to 
about 88°, explodes with violence. It dissolves in hydrochloric, 
hyilrobromic, and hydriodic acids, forming chloride, bromide, and 
iodide of cacodyl. 

Cacodyl dioxide^ Aso(CtT3)^02, is the thick s\rupv li([iiid pro- 
duct‘{l by the slow oxiilation of cac<»dyl or oi alkarsiu. It is 
deconij)osed by water, and then yields a distillate of cacodyl 
monoxide, v ith a residue of cacodylic acid : 

2As,(CH3),0, + H./3 = As,(CH 3 )jO + 2As(Cir,)./)(0n) . 

Cacodylic Avid^ As'(Cll3).,0"(()ir), also called Alkarycn , — This 
is the ultimate pnxluct of the action of oxygen at a low temptTa- 
ture uj>on cacodyl or alkarsiu in ])resence of water: it is best 
prepared by adtling mercuric oxide to alkarsiu, covered with 
a layer of water and artificially cooled, until the mixture loses 
all odour, and afterwards dec<nu])osing any mt*rcuric cacodylate 
that may have been formed, by the cautions midition of more 
alkarsiu. The licpiid yields, by evaporation t,o dryness and 
solution in alcohol, crystals of cacodylic acid. The sulphide and 
other compoumls of cacodyl yield the same substance on exposure 
to air. Cacodylic acid forms brilliant, colourless, brittle crystals, 
whieh have the form of a modified scjuare prism : it is permanent 
in dry air, but delupiesftent iji a moist atjjios[)here. Jt is not at 
all })oisonous, though it contains more than 50 per cent, of 
arsenic. It is very soluble in water and in alcohol, but not in 
ether: the solution has an acid reaction. When mixed with 
alkalis and evaporated, it leaves a gummy amorjdious mass. 
With the oxides of silver and mercury, on the other hand, it 
yields crystallisable compounds. It unites with cacodyl oxide, 
and forms a variety of combinations with metallic salts. Cacodylic 
acid is exceedingly stable : it is not affected by red fuming nitric 
acid, nitromuriatic acid, or even chromic acid in solution : it may 
be boiled witli these substances without the hiast change. It is 
deoxidised, liowever, by jdiosphorous uc.id and stannous chloride, 
yielding cacodyl oxide. J)ry hydriodic a(iid gas decomposes it, 
with production of water, cacodyl iodide, and free iodine. With 
dry hydrochloric acid gas, or with the concentrated aqueous 
acid, cacodylic acid unites directly, forming the compound 
As(CH3)/)oH.HC 1, But by exposing cacodylic acid for a long 
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time to a streani of hydrochloric acid a rHen-monoroeth y] 
dichloride is obtained, t«)^ether with water and nietliyl chlo- 
I'ide : 

As((.^H3)AH + 3H(d = As(CIl3)(!l, + 211,0 + CII3CI. 

l^hosphorus pen tael jloride converts cacodylic acid into cacodylic 
trichloride (]). 913). 

(Jacodj/l Sulphide^ As./Cdfj)^S, is formed by addini^ barium 
sid])hide to crude cacodyl, or by distillin^^ I>arium sulphydrate 
with cacodyl eddoride. It is a transj)arent li(|iiid which retains 
its Huidity at —40'', and boils at a temperature cojjsideraldy 
above KM)''. 

Cacodyl dlsal'phide, As,(CH3)4S, is foiined by the action of sul- 
phur on cacodyl or the moiiosuli)hide, or by treating cacodyli** 
acid with suliihuretted hydroj^en in a vessel externally cooled. 
It se])arates Irom the solution in lar^re rlioirdac crystals. Tlie 
alcoholic solution of this compound yields with various metallic 
solutions, j»i*ecjpitates c.onsistin'^ of salts (>f sul])hocacodylic 
acid, As((df.j),S,lI, analo^mus to cacodylic acid. The lead salt, 
As,((Tf3)jS4fd/^, forms small wldle crystals. 

Arsenmonomethyl, As(CHj). — This radical, which is not 
known in the sejjarate state, is either IdvaJeiit nr (piadri valent, 
its dichloridc*, As"''^((71.;)t42, is produced either by the deconi- 
jKisitioii of cacodyl trichloride hy heat. : As(C?H3),(’d3 = As(CH3)0], 
-f-Cdl^Cd; or by the prolonged action of hydrochloric acid on 
cacodylic acid, "it is a colourless, heavy mobile liquid, liaviiii; 
a stronjjj reducing power; boils at 133^'. Its vapour exerts a 
most violent action on the nnn'ous memhranes; on smellinj^ it, 
the eyes, nose, and whole face swell u]), and a peculiar lanciiiatinj^; 
pain is fi;lt, extending down to the throat. The tetrachloride 
As''(('H.j)(.M 4, is ol)tained in large crystals hy passing chlorine over 
a iiiixtuiv of the dichloride and ( arhon bisulphide cooled to — 10'". 
It is very unstalde, decomposing even near 0" into methyl chloride 
and arsenious chloride, AsCl^. There is also a chlorohromide, 
As(CJJl..)C’'lBr, and a di -iodide, As(t^Ff.j)I,. 

The ex’ida, As((Ml3)0, obtained hy decomposing the clichloride 
with potassium cai’))()nate, forms large cubical crystals, soluble in 
water, alcioliol, and idher, and n*solved hy distillation with potasli 
into arsenious oxk^p and cacodyl oxide: 4As((JIl3)0 = AS2O.J + 
As,(CH 3 ) 40 . • 

Arsenmetliylic Acid^ As''(Clf3)0"(OH)„ is obtained as a harium- 
salt hy decompevsing arsenmetliyl dichloride with a slight excess of 
silver-oxide; and this salt, decomposed hy sul])hnric acid, yields 
the acid, which remains on evapomtion in the form of a laminated 
mass. Tt is bibasic. 

Arsemmxthyl sulphide^ As(Cll3)S, is obtained as a white mass by 
passing hydrogen sulphide* over the dichloride. 
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On comparing the combining or equivalent valiieH of the several 
arsenides of methyl, it will be seen that they all unite with ele- 
mentary bodies and compound radicals, in such proportion as to 
form compounds in which the arsenic is either trivalent or <juin- 
cpiivalent, the last- mentioned compounds being by far the most 
stable. Thus : 

Arsennionometliyl, As(ril3), is bi- and (juadri-vaknit, fonning 
the chlorides and 

Arsendimethyl, As(CH.>)v„ is uni- and tri- valent, forming the 
chlorides As'"(CH3),Xn and . 

Arsentrimethyl, AsfCTL.).., is bivalent only, and forms the 
chloride As'(CH3)3C1^. 

Arseniucthylium, or Tetramethylarsonium, As((>Hj)|, is uni- 
valent, forming the chhiride As’^(CH3)4Cl . 

Bismethyl or Triethylbismuthine, r>) 3 » analogous in 

e.oinposition to tri ethylsii lane and triethylarsine, is formed l)y tlie 
actit)n of ethyl iodide on an alloy of bismuth and ])otassium, and 
is extracted from the residue by ether. It is a yellow liquid of 
specific gravity 1 * 82 , has a most nauseous odour, and emits vapours 
which take tire in contact with the (dr. It unites with oxygen, 
chlorine, bromine, iodine, and nitric acid. 

Borethyl, B(C2H.)3. — Dr. Frankland has ohlaimnl tliis com- 
pound by treating boric ether with zinc, -ethyl ; it is a colourless 
mobile liquid having a pungent odour, irritating the eyes, of sjk 
gr. 0 * 606 , and boiling at 95 ^. Borethyl is insoluble in water, luit 
very sluAvly decomposed when left in prolonged contact with it. 
When exj)OHed to the air it is sjM)ntancoiisly inflamed, hurjiing 
with a heant-iful green and somewhat smoky flame. It coin])ines 
with ammonia, forming the compound N B(C2ff.“.)3 • 
gradual action of dry air, and, nlliniately, of <lry oxygen, horidhyl 
is converted into an oxygen-compound of the formula • 


DIATOMIC BASKS OF THE PHOSPHORUS AND ARSENIC SERIES. 

The acdion of etheiie bromide on triethyl phospliine gives rise to 
the formation of two crystalline bromides, accjording to th(i ])i*o- 
poriions in which the substances are brougl^t in contact, '^fhesi^ 
bromides are Cj<H40BBr2==C,.Hir,B+C!2H4Br2 and Ci4H3jP2Br2 = 
2C6Hi5P+C2n^Br2. The first of these compounds is the bromide 
of a phosphonium in which 3 atoms of hydrogen aiv replaciod by 
ethyl and one atom by the nnivalent radical bromethyl, C2ll4Br, 
namely, [(C2ll4Br)(C2H^)3P]Br. Half the bromine in this sail, is 
unaffected by the action of silver-salts; it may accordingly he 
designated as bromide of hrowsthyl-triethyl~phosphoniU7ri. Numer- 
ous salts of this compound are known, but the free base cannot be 
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o))tiiined, since silver oxide eliminates the latent hromine, Riving 
rise to the formation of a hase(iontaininRr(C2H50)(C2H5)3Pj0H. 
The second com])onnd is the dibromide of etheiie-hexefhyi-diplm- 
phonitim, f (€2114)^(0 jHf,)„P2]"Br2 . This radical, which corre- 
sponds to 2 atoms of ammo ium, 2NH4=N2}l3, forms a series 
of very stable anti beautiful salts, especially an iodide, which 
is diHicultly soluble in water. In all these salts the base, which 
is composed of 1 atom of elhene, fi atoms of ethyl, iind 2 atoms 
of ])h<»sphoriis, is united with 2 molecules of univalent acid 
radical; the platinum-sidt conlain.s ((1.2H4)"(C2H3)aP2Br2.Pt’''Cl4. 
The free, very caustic, and stable base has tlie coniposilio}i 
[(C2H4r(C.H,)3P.2r(OH)2. 

The* (lihromide of ethene-hexethyl-dipliosphonium may bi* 
formed by the action of triethyljdiosjihine njioii the brominaled 
bromide which has lieen mentioned as the first ]>roduct of the 
action of elhene dibromidc upon trietliylphosphine : CJ^Hjf,PBr2+ 
f \;Hj5P“C,4H34P2Br2. If the triethyijihospliine be replaced in 
Ibis process by ammonia or by monamines in general, or by 
luonarsines, an almost unlimited series of diatomic siills may be 
foriiH'd, in wliich phosphorus and nitrogen or pliosidiorus and 
arsenic are associated. 


Thus the action of ammonia, of ethylamine, and of triethyl- 
arsine, gives rise respectively to the following compounds : 


Dibromide of Etliene-tri- ) 
etliyl-pbosphammoniuni, . ) 
Dibromide of Ethene-tetr- } 
elhyl-])hosphaminonium, . ) 
Dibromide of Ethene-hex- \ 
etJjyl-jihospharsoiii um, . \ 


[(C2H4)"(C2H,)3H3PNrBr2. 

r(C2H,r(C2H,.)4H2PNrBr2. 


i 


Treated with silver oxide these bromides yield the very caustic 
liatomic l)ases — 


Hydrate of Ethene-triethyb ) 
])hosphammonium, . . . ( 

Hydrate of Ethene-tetrethyl- / 
phosphammonium, . . . t 

Hydrate of Ethene-hexethyl- I 
phospliarsoninm . . . . ) 


[(C.2HJ'(C2H5)3H3PNr(OH)2. 

[(C2H4r(C2H3)4H2PNr(OH)2. 

[((l2H4r{C2lUPAs]"(OH)2. 


The arsenic bases, when submitted to the action of ethene di- 
bromide, give rise to perfectly analogous results. The limits ol' 
this Miuiual will not i)ermit us to examine these compounds in 
detail. 
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Amides. 

We have Lad frequent occasion to speak of tliese coiii}K)unds, as 
derived from animoniuni -salts hv ahstraclit)!! of water, or fi*oin 
acids by substitution of aiuido^en, NH.„ for hydroxyl, OH, or 
from one or more molecules of ii^imonia by substilidioii of acul- 
radicals for hydrogen. ni(\v are <livided (like amines) into 
nionamides, diamides, and triamides, each of which grouj>s i> 
further subdivided into jnimary, secondary, and tertiary amides, 
accordingly as oin*-third, two-thirds, or the whole of the liydrogen 
is replaced by acid-radicals. If the h\drogen is replaced ])artly by 
acid-radicals, and ]>artly by alcohol-radicals, the compouml is called 
analkalamide ; for exam]»le, elhylacetamide, NH^"\H-)(r\Jl.,()) ; 
ethyldiacetamide, N 2 ^ ^< 0)2 • 


AMFDKS DEIllVKI) FROM MOXATOMTC ACIDS. 

A monatomic acid yields but one primary amide, which Jiiay 
be formed ; 1. From its annnonium-salt by direct abstraction of a 
molecule of water, under the influence of In^at ; thus : 

CH, 

- n.,0 = CMr^O == 1 ‘ ^ N 

Ainiiioniiim Acetamide. (X)XIT., 

acetate. 

These amides are also ])roduced : 2. By the action of amnamia (tn 
acid chlorides ; ejj, : 

C2H3OCI + NH3 = HCn + 

This method is especially adapted to the jjreparation of those 
amides which are insoluble iu water. 

3. By the action of ammonia on compound (dhers : 

(J2H3O.OC2H, + NH3 = HOC2H, + NH2(C2H,0) 

ICtliyl acetate. P^tliyl alcoliol. Acetamide. 

Acetamide, which may bo regarded as a type of ])rimary mon- 
amides, is a white crystalline solid melting at 78°, and boiling at 
221° or 222°. When luxated with acids or with alkalis, it takes uj) 
water and is converted into acetic acid and ammonia. Distilled 
with phos]ilK>ric oxide, it gives np water and is converted into 
acetonitrile or methyl cyanide, C^H^^NO — ITD = Cgll^X. 
Heated in a stream of dry iiydrochlonc acid, it yields diacet- 
amide, together with other products : 

2NH2(C2H30) + HCl = NH 4 CI + NHCC^HsO).. 


C,HJ) 

H., 
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Acetamide act® both as a l)«ase and as an acid, coiiil>iiiiiig with 
hydrochloric and with iiitri(i acid, and likewise forming salts in 
"^whicli one atom of its hydro \n is replaced by a metal ; silver- 
acetamide^ exa.aple, is obtained in crystalline scales 

by saturating an aqueous solution of acetamide with silver o-xide. 

Beuzamide, NH2(C7H-0), isjiroduced by methods- 

similar to those above given for the formation of acetamide ; also 
by oxidising hi])puric a(*id Avith lead ilioxide : 

CyitjNOa + (>3 - CVIIyXO + 2C0, + H^O. 

Benzanii<le is a crystalline substance nearly insoluble in cold 
water, easily soluble in hoi ling. Aval or, also in alcohol and ether ; 

unfits at 115'^, ajul volatilises 'ninlecomposed between 286° and 
2J)0° Its reactions are for the most ])arl similar to those of acet- 
amide. Heated with benzoic oxide or chloride, it yields benzo- 
nitrile and benzoic acid : 

(yi^No + + 2 (.vha 

ncMiziiniicie. litMizoic oxide. . IJcnzonitrilo Iteiizoic mid. 

(VH,NO + 0.11,001 =- 07H,X + O.HgOa + HOl 

lionzuinlde. Ucmizoic chloride. Uenzcuiltnle. Uenzoic acid. 

Heated witli fuming liydrochlorh*, acid, it forms hydrochloride of 
lieiizamide, (yi^NO.lIC/l, which sejiarates on cooling in long 
aggivgaled iirisms. Its a(pieous soluti<m dissolves mercuric oxide, 
form i ng 1 > e n z o m e r e u r a m i d e, N.,H2(( VHgt l).^ Hg''. 

Secondary monamides are those in which two atoms of 
hydrog(Mi in a molecule of ammonia are re])la(‘ed by two univalent 
i)V one bivalent- acid-radical, or by one acid-radical and one alcoliol- 
ratlical. Thos<* containing only univalent radicals are formed by 
the aelion of dry liydrochloric aciil gas on ])rimary nionamides at 
a liigh tem])erainre ; tvy..* 

2 XH.,((\,n 30 ) + HCd = Nliyn + XIICCaH^O), 

Acetamide. Diucetamide. 

Those containing bivalent acid-radicals are called imides ; c.//., 
succinimide, N They are derived from hi basic acids, 

and will ])e noticed further on. 

Secondary monamides (alkalainides) containing an acid- 
radical and an alcoliol-radical, are formed by }>rocesses similar to 
those above given for the formation of the jnimary jnonamides, 
suhstituting amines for ammonia ; tlius ; 

C.,H30C1 + NTL/C.,!!.,) = H(1 + Nir((\,H,)(C.,H30) 

AceOe Ethylainine. Etliyl-acehimidc. 

chloride, 

C’,FI;,0(00,II,) + NH,(Cjr,) = + NHCC^TIsXCjHaO) 

Ethyl iicctiitc. Ethylainine. Alcohol. Ethyl-acclamide. 
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Tliey ar« crystalline, and for the most i)avi do mJ. ctnnhirie with 
acids. When bt)iled with acids or alkalis, they take np water and 
rej'eneinvte their acid and primary amino ; thus ; 

NH(C„TI5)(C.;H30) + HOH = C,H30(0H) + 

rhoiiyl-acutamide. Acelic ap’d. Aniline. 

Tertiary moiuimides are those in wliic.li the whole of the 
hydrogen in one niolecule of ammonia is rej)lact‘d by acid-radicals 
or by acid- and alcohol-radicals. Those of tlie latler kind, called 
tertiary alkalamides, are produced by the action of acid clilorides 
on secondary alkalamides : 

NH(C«IU(0,ir30) + CVH 3 OCI = HOI + N((',H,)(C,H,,0), 

Phenyl-benzainidc. Jttinznyl PUeiiyl-dihonzainuIo. 

idiloride. 

Or hy the action of monatomic acid oxides on cyanic ethers ; c.7. : 

(C2H,0)o 0 + N(COy'(0.,H.) = COo + N(t.'JI,)(0.,H,0), 

Acetic oxide. Ktliyl cyanatc. Ktliyl-<liacetiiinide. 


AMIDES DERIVED FROM DIATOMIC AND MONOBASIC ACIDS. 

Acids of tliis group may give rise to two monaiuides, lioth formed 
by suhslitutioii of one atom of NHo for OH, and therefore hav- 
ing the same comj)Ositi(m. They are, however, isomeric, not 
identical, the one formed by rejilaceinent nf tlie alcoholic hydroxyl 
being acid, while the other, formed hy re]>lacement of the basic, 
hydroxyl, is neutral. The acid amiiles thus formed are called 
amic acids. Glycollic acid, for exani])le, yitdds glycollamic acid 
and glycollaniide, both containing 

CH.,OH CThNIL, 

I " I ■ 

COOH (,’0011 

Glycollic GlycoIIaniic 

acid. acid. 

These amic acids and amides are sometimes represented as derived 
from a molecule of ammonia and a molecule of water, hound 
together by the substitution of a diatomic acid-radical for two 
atoms of hydrogen ; thus : 

(C,k'o)" I g 

Glycollamic acid. 

The amic acids of this group are identical with the amidated 
acids derived from the corresponding monatomic acids, CnH2n02, 


If^^N 

11,^0 

Type. 


('H.OH 

(JONH3 

Glj'collainidc. 
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l)y substitution of ainidogen for hydrogen ; thus glycollaniic acid 
is identical with auiidacetic acid ; lactaniic with aniidoprojuonic ; 
leucamic with aiiiidocaproic acid; for example: 

CII 3 CII. 'XHj,) C1I«(0H) 

(JOOH (^OOFT COOH 

Acetu; aenl, AiTiidacetit* or Gh'- Glyci>l]ic acid, 

collaniic acid. 


These ainic acids are formed, as already observed, by the action 
of ammonia on the monocblorinated or monobrominated deriva- 
tives of the fatty acids; the corr(*sponding neutral amides are pro- 
duced by the action of ammonia, in the gaseous state or in alco- 
liolic solution, on the corresponding oxhies or anhydrides, or on 
the ethylic ethers of glycollic and lactic acid; thus: 


Lactjile. 

+ 

Nila 

= CaH.NO, 

amide. 


1 

+ 

NH^H 

= iioc,n, + 

C0(0C27I,) 

Ethyl lactate. 


Alcohol. 


0,H,0H 

r 

CONH,, 

Lrtctaniidc. 


L(uicamide, tlie neutral ether of leiicic acid, is not known. 

The amic acids of this series ])ossess basic as well as acid pro- 
perties, and are therefore often designated by names ending in iae, 
the ordinary termination for organic bases, glycollamic acid being 
designated as glj^cocine, lactaniic acid as alanine, leucamic acid as 
leucine (pp. h8l, ()H3, ()87). 

Amidohtiiizoic aeid^ C-H5(NHo)02, or OO2H, pro- 

duced from uitro-ben:^oic acid, Cyllr/NO^yO^, by the action of 
hydrogen suliihide, may also be regarded as oxif-benzamic acid^ 
derived from oxy-Lenzoic acid, CO^II, bv substitution 

of NH2 for OH. 

I)iattiidohc7izoic acid, 07H4(NH2)202, formed in like manner 
from dinitrobenzoic acid, may also be vieAved as dioxj/benzamic 
(icid^ derived from a liyi)othetical dioxybenzoicr acid, CqH 3(OH)2. 
(^0*211 ; but according to the mode of formation of these acids, they 
are more conveniently regarded as derivatives of Vienzoic acid. 
Similar remaiks ajijily to the amidated acids derived from tlie 
homologues of benzoic acid. 


AMIDES DERIVED FROM DIATOMIC AND BIBASIC ACIDS. 

Each acid of this group may give, rise to three amides : viz. 
1, All acid amide, or amic acid, formed from the acid ammo- 
nium-salt by abstraction of one molecule of water. 2. A neutral 
monamide or imide, formed from the acid ammonium-salt by 
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abstraction of two molecules of water. 3 . A neutral diami cl e, 
derived from the neutral ammonium-salt by al>striiction of two 
molecules of water. Thus from succinic acid, (C4H402)''(0H)2, are 
derived : 

C4H,(NTTd04 - H.,0 = Cdi.NOa = (C4ll40.)^'(NH,)(0H)- (C 4 IW" [ 

Acid ammonium Siiccinamic H / 

succinate. acid. 

C4TI,(Nn^)04 - 2H.40=C4H,N0. =(C4H402)"(Nn)" -(<^41^1402)" I N 

Acid salt. Succinimidc. 

C 4 H 4 (NH 4 ), 04 - 2H,0 = C4lI,N20.4-(C4ll40,)"(NH2)2 ==<<^’4{JA)" ) 

Neutral salt. Succiiifimide. * 

The amic acids of this j^roup are ]>roduccd : 

1 . By tlie action of heat on the acidammimiun*-salts of the cor- 
responding acids. 

2 . By the action of aqueous ammonia on the neutral ethers of 
hi basic acids ; e,fj.: 

(CA)"(OC.,TI,)., + NHa + Tr(Olf) 2H(OC.,H,) + (C.AnNH.XOlf) 

Ethyl oxalate. Alcohol. Oxtninc acid. 


3 . By boiling iniides Avilh ammonia, under which circumstaiuH*s 
they take iqi a molecule of Avater, and are coiiA^erted into amic 
acids ; thus succinimide, (bll-NOo, witli f I .,0 forms succinamic 
acid, 04H,N0;, ! . 

The ty[)ic or extra-radi<*alh3’^dro,cjen in these amides may also he 
replaced hy alcoholic or hy acid radicals, therehy prodiiciuj^ alkal- 
amides, sec.ondary and tertiary diamides, &c. The mode of pro- 
ducing such compounds may he understood from the folloAviiig 
equations : 

(C,0.\0mi,CU,)011 - R/) = (C20.2rxii((ai,).(0H) 

Acid metliylammo- Mcthyloxamic acid. 

Ilium oxalate. 

(C 4 H 40 ,ro + NH,(C„n,)= H,/) +N((’«H,)((^ 4 H 40 ,)" 

Succinic Aniline. Phenylsuccinimide. 

oxide. 


(C, 02 )"( 0 CJI.) 2 + 2 NH 2 (CH 3 ) =2H(0C2H3)+N2H3(C30,)"(CH3X, 

Ethyl oxalate. Methylaminc. Ethyl Di mcthyl-oxamidc. 

alcohol. 


( 00 ) 01 , 

Carbonyl 

chloride. 


+ 2 NH,((V,H,)= 2 H 01 

Aniline. 


+N,H,( 00 )"( 0 „H„), 

1 >ipli cnyl-curbam ide. 


2N(04H4O,)"Ag+(04ll40,)^01,=2Ag0l 

.Argentosuccin- Succinyl 

iniide. cliloride. 


+ N,((^4H40,y'3 
Trisucciiiamidc, 


Amides of Oxalic Acid . — Ommic acid, 0*2X11303 = 

(0*20.2)''(NIl2)(0H), is produced by heating acid ammonium oxalate 
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to about 230 ^; also as an ainmoiiium-salt by boiling oxaiiiule with 
aqueous aniiiionia : CbH4N202+ 1120=021^2(^^^4) NO.,. Oxamic 
acid is a white crystalline j)owder sjiarin^Jy soluble in cold water, 
still less soluble in alcohol and ether. It is monobasic, and forms 
niunerous ciystalline metal salts. 

Oxamic ethers may be formed by substitution of ethyl-*^ 
radicals for hydrogen, either in the grouj) NHg or in iJie grou]) 
OH of oxamic acid, the resulting ethers being aci<l in tlie former 
case, neutral in the latter. The neutral ethers, also called oxa- 
111 (‘thanes, are formed by the action of ammonia, in the gaseous 
state or in alcoholic solution, on neutral oxalic ethers; thus: 

(020.,)"(0a,H,)2 + Nlla = HOC,H, + (C,0,)"(N H,)(OC,H,) 

Ethyl oxalate. Alcohol. Ethyl oxainate. 

Tliey are crystalline bodies soluble in alcohol, decomposed by 
boiling water, yielding ammonium oxalate and the corresponding 
alcohol. 

The acJd (dhers of oxamic acid, containing one etjuivalent of 
alcohol -radical, are jiroduced by dehydration of the acid oxalates 
of the corresjumding amines ; thus : 

((\02)"(ONIT3r2H,)(OH) - H 2 O = (C20.2r[NII(02H,)](0H) 

Acid ethyhinimoiilum Ethyloxumic acid, 

oxalate. 

Methyloxainic and phenyloxamic acids are also known. These 
acid ethers are melameric with the neutral oxamic etluirs contain- 
ing the same alcohol-radicals. 

The rejdacemeiit of both the hydrogen-atoms in the group NH2 
in oxamic acid, w^oiild also yield monobu'^ic acid (dhers; none of 
tlu^.sc are, however, known in the free state, but the et hylic ethers 
of dimethyl- and dietbyl-oxaiiiic acids have been obtained, e.r/., 
ethylic dirnethyl-oxaimtte, ((^202y'N((^H3)2(()C2Hr,) . 

The imide of oxalic acid is not known. 

OxAMiDE, — This compound is produced by the 

action of heat on neutral ammonium oxalate (p. 720 ), but is more 
advantageously prepared by the action of ammonia on neutral 
etliyl oxalate. It is also formed in several reactions from cyanogen 
and cyanides; an acpuMuis solution of hydrocyanic acid, mixed 
wdth hydrogen dioxidi^ yields a crystalline deiiosit of oxamide : 
2 CNH 4 - II2O2 == 62^211402 . 

Oxamide is a w^hite, light, tasteless pow’der, insoluhle in cold 
water, slightly soluble in boiling water, insoluble in alcohol. 
Hi^uted in an open tube it volatilises and forms a crystalline sub- 
limate; but its vapour, passed through a red-hot tube, is com- 
pletely resolved into carbon iiumoxide, ammonium carbonate, 
hydrocyanic acid, and urea (or carbamide) ; 

= CO + CO2 + NH3 + CNH -f CN2H4O. 
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Dilute mineral acids decompose it, yielding an ommomum-salt 
and free oxalic acid ; e.g.: 

C2N2H4O2 + H2SO4 + 2H2O « (NH4)2S04 + C2H2O4. 

^ Dhnethyloxamide^ N2(C202)'^H2(CH3)2, is produced by ihe dry 
Vlistillation of meihyluiiimonium oxidate: 

C2 (CHoN )204 - 2H2O = 

Dietliyloxamide, diainyloxamide, dipheny]oxami<le, ami diunph- 
thyloxanii<le, are obtained in a similar manner. 

Amides of Carbonic Acid.— Carbamic acul^ 

(OH), is not known in the free state, tluil is iis a hydrogen-salt, 
but its ammonium-salt, (C()y'(Nn.>)(OXH4), is ])roduee<l, as 
already noticed (p. 347), by the direct combination oi' carbon di- 
oxide and ifiinnonia-gas. This salt is easily {>btained pure and in 
large quantity by passing the two gases, both |Kirfectly dry, into 
cold absolute alcohol, separating the copious ciystalliiie nreciju- 
tate by filtration from tlie greater part of the Ihpud, and liealiug 
it with absolute alcohol in a sealed tube to KK)^, or ab<»ve.* The 
Ii(|uid, on cooling, deposits ammonium carbamate in large crystal- 
line lamime, which, it ]>erfectly dried over oil of vitriol, and then 
heate<l in a st-aled tube to 13(>^-14t)'^, split up into ammonium 
carbonate and urea, one molecule of it giving up a mole(*uJe of 
water to aii<4lier : 

= CNJT^O + (XH, ),,("(), 

.Viniiionhini Urcii. Aninioniurn 

curbain»ti\ carlnmate. 

CAUiiAMic Ethers. — C^ arbamic acid forms aci<l and neutral 
ethers, accordingly as an atom of hydrogen in the group XHj, or 
OH is replaced by an alcob(»l -radical. 

Ethylnirhainir acld^ ((T))". X H(( -^Hr,) . OH, is not known in 
the free state, but its ethylammonium-salt, (00)'^ XH(C.2H-). 
0NH3(02H-), is produced, as u .snow-white powder, by passing 
carbon dioxide into anhydrous ethylamine cooled by a freezing 
mixture. Its acpieous solution, like that of ammonium carbamate, 
does not precipitate barium chloride unless aided by lieat. The 
methylamnionium-salt of metJujlearhamic acid is obtained in a 
similar manner. Phen ylcarbnmic acid^ ((X))". NH(CgH^,). OH, also 
called carhaiiilic and anthranilic acid, isomeric witli amidol)en/A>ic 
acid, is obtiiined by boiling indigo with potash and manganese 
dioxide. It is a crystalline body, soluble in water, and coiivertetl 
by nitrons acid into salicylic acid, wit h evolution of nitrogen : 

(CO)". NH(( J^Hg) . OH + NO2 H = CoH4(OH). CO 2H + H^O + N., . 

Phenyl-caibamic acid. Phenyl-carbonic 

"acid. 

♦ Kolhe and Basaroff, Cliein. Soc. Journal [2], vi. 194. 
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Tlie neutral carbamic ethers are called urethanes. Ethyl car- 
bamatCj (CO'^NHo.OCgH^, called simply urethane, is formed by 
jeaving eiliyl carbonate in contact with aqueous ammonia; anil 
by the action of ammonia on ethyl chlorocarbonate (alcohol 
saturated with carbonyl chloride) : 

(C0)''(0C2H,)ci + NH3 = HCI + (coyxm,){oc,ii,)/ 

It forms colourless crystals easily soluble in water. Methyl car- 
hamate, imthylic uretluiyie^ or urethylane, and amyl carbanmte or 
amylic urethane, are obtained in like manner. 

Carbamic acid, in which the whole of the oxygen is replaced by 
sulphur, constitutes sulpho-carbamic acid, (CkS'^(NHo)(SH). 
There is also an oxysulpho-carbamic ac id, (as)"(XH„\0H), 
the etli'dic ether of which is xanthamide, (CH)"(NH2)(OC2H.) 
(p. 715). 

Carbimide, (COy'(NIf)" or N j , is the same as cyanic 

acid ; an*! many of the reactions of cyanic acid are mosj naturally 
represented by the formula just given, esj)e(*ially its conversion 
into f'arbou dioxide (ind ammonia under the intiuence of acids or 
alkalis : 

NH(CO)" + H3O == NH3 + ((X))"0, 

and the corr(‘spoiiding formation of ethylainine and its homologues 
by distilling isocyanic ethers with potash. The isocyanic ethers in 
like manner are alcoholic carbimides. 

Carbamide and Urea. — Carhamulf,C^.y\\f) or X2(CO)"H4, 
is produced by the action of ammonia-gas on carhoiiyl cliloridc : 

con, + :2NTl3 == 2HC1 + N^COH^; 

also by tb<» action of annnonia on ethyl carbonate, and by the clecoin- 
jiosition of oxainide at a red heat; C,0,N,H4 — CON,llj -b CO. 
It closely resembles urea, differing iiideetl only in its products of 
oxidation. 

UirAi may be extracte<l from its natural source, the urine, or it 
may be prepared by artificial means. 1. Fresh urine is concen- 
uated in a water-bath, until reduced to an eiglith or a tenth of its 
original volume, and filtered through cloth from the insoluble 
deposit of urates and ])hospliates. The li<iuid is mixed witti about 
an equal quantity of a strong solution of oxalic acid in hot water, 
an<l the whole vigorously agitated and left to cool. A very copious 
fawn-coloured crystalline precipitate of urea oxalate is obtained, 
which may he placed u]H)n a cloth filter, slightly washed with cold 
water, and pressed. This is to be dissolved in boiling water, and 
powdered clialk added until effervescence ceases, and the liquid 
becomes neutral. The solution of urea is filtered from the insoluble 
calcium oxalate, warmed with a little animal charcoal, again 
filtered, and concentrated by evaporation, avoiding ebullition, until 
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crv.Ntal'i ^>nii m t ooliijo-; tlu'si* an? jfiirifh^d hy a wjHHition uf 
lasr part of tla‘ j>roccss. Viva luav /»e fwtnirtnl hi ^nvat ulniuilnnvo 
(loiu tW uviue of luaws aiul rattle iliily eonce/jh-atnl, and fnmi 
which the hiinmric acid has been ^eparaled /)y a<ld/lioji ofJndivj- 
chloric acid : oxalic acid tlieii throws down the oxalate in such 
ijnanlity as to render the whole semi-solid. Another process con- 
sists in preciiatatinij; the eva]»orated urine witli concentrated nilrie 
acid, when urai 'thtratc is precipitated, which is ])arified by re- 
crystallisalion w ith the aid of animal charcoal, and, lastly, decom- 
posed hy hariuin t*arl>onate, w'herel>y a mixture of barium nitrate 
and urea is formed, wjiich is to be eva])orated to dryness on the 
w ater-Latli, and exhausted with liot alcohol ; the urea then crystal- 
lises on cooling. 

2. VvLd is j>r()duced artificially hy heating a solution of am- 
monium cvaiiate. The following nuithod of proceeding yields it 
in any (puuitity that can he desired. Potassium cyanate (p. H4H), 
is dissolved in a small (juantity of water, and a <iuaiilily of dry 
neutral ammonium sulpluite, ectual in weight to the cyanate, is 
added. The whole is evu])orated to dryiiess in a water-l)ath, and 
the dry residue boiled with strong alcohol, which dissolves out 
the urea, leaving the ]>otassiiim sul]>hate and the excess of am- 
monium sulphate untouched. The filtered solution, concentrated 
])y distilling off a portion of the sinrit, depc^sits the urea in heauti- 
ful crystals of considerable size. 

3. Urea is formed, as already mentioned, hy the decomposition 
of ainmoniuni carbamate, and may he obtained by heating com- 
mercial (‘.aihonate of ammonia, wdiich contains the carbamate. 

Urea forms ti*ansj>arenl, <‘,ol<mrless, four-sided prisms, wdiicli are 
anhydrous, soluble in an equal weight of ct)Id water, and in a 
much '^mailer ([uaiitily at a higli iemperaturt?. It is also readily 
dissolved by alcohol. It is inodorous, lias a cooling saline taste, 
and is permanent in the air, unless the latter be very damp. 
When heated it melts, and at a higher temjierature decomj)osi*s, 
Avitli evolution of ammonia and ammonium cyanate; cyaiiuric 
acid remains, which boars a mucli greater lieat willioiit cliange. 
The solution of urea is neutral to test-paper: it is not <lecomj)osed 
in tlie cold by alkalis or by calcium hydrate, but at a boiling heat 
emits ammonia, and forms a metallic carbonate. The same change 
hap])ens by fusion with the alkaline hydrates, and when urea is 
heated wdlh water, in a sealed tube, to a tem])erature above 100'^ : 

COII^Na + HgO = CO2 + 2NH3. 

Urea contains, in fact, the elements of ammonium carbonate minus 
the elements of water: — 2 U 2 O, and has accordingly 

been supposed to be identical with carbamide. }3ut from tlie 
experiments of Wanklyn and Gamgee,* on the oxidation of urea, 
it appears to be isomeric, not identical with that compound, inas- 
* Cheni. Soc. Journal, [2], vi. 2i>. 
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much as, when healed with a lar^e excess of potassium perman- 
ganate in presence of much free alkali, it ^ives off all its nitrogen 
in the free state as gas, where i when amides and ammonium-salts 
are thus treated, t.h^ whole ui the nitrogen is oxidised to nitih* 
acid. 

Its formation from ammonium carhainate tends to show that if 
is the aini<le of cai’hamic acid, and as such indeed it is regarded hy 
KoU»e. If, liowever, carhamic acid he rej>resented hy the formula 

(X) I OH”’ funide niusl ]»e hleniha) with the diaiiiide of ciir- 
honic aci<l, that is ^\ith car])ainid(* : thus 


Nil. 

1 

NH., 

1 

OH 

1 

1 

(!0 

1 

1 

(’0 

1 

1 

CO 

1 

1 

Oil 

1 

NH., 

1 

OH 

Curlmmic acid. 

Carlmmldc. 

Carbonic acid. 


It is possible, however, that tlie true eonstituHon of carhamic acid 

V O 


iiiay he that rejweseiited hy the formula , in which the nitro- 


OH 

gen is ([uinquiv^aleiit, and in tlnit case its amide will he-- 


C--0 

!i 


(CO) 

NH, 

1 

or 

N'] H, 

1 NH, 

NH., 



which is p(*rhaps the true formula t»f urea. 

A solution of j>ure urea shows no tendency to change hy kee]>- 
ing, and is not decomi)osed hy boiling; in the urine, on the other 
hand, where it is associated with put reliable organic matter, as 
mucus, the case is differeiit. In jmtrid urine no urea can he 
found, but enough aiiimouium carbonate to cause brisk effer- 
vescence with an acid; and if urine, in a recent stale, he long 
boiled, it gives olf ammonia and carbonic acid from the same 
sour(‘e. 

Urea is instantly decuin])Osed hy nitroufi acid into carbon dioxide, 
nitrogen and water : C()H 4 N.. + SNO^H = CX).^ + 2 N 2 + SHoO ; 
this decom])ositiou explains Ine use of urea in ])reparing nitric 
ether (]). 584). When chlorine gas is passed over melted urea, 
hydrochloric acid and nitrogen are evolveil, and there remains a 
mixture of sal-ammoniac and cyanuric acid : 

-f 3 C 12 - 2C3H3N.O, + iNIf^Cl + 2HC1 + N^; 
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Deriratins of Umt contatuitifj Alcohol’-rmliculii, 

Ethyl ^nren, prodiircd hypas.^w^r 

vyanic acid va])()iir into a solulion of ethylainiiio. The Jajuid 
^icc<anes hot, and dcjn)sits, aJlcr evaporation, tine eryshila ofethyJ- 
urea: ('2117^ + CNllO = This sidislance niay alst* 

be prepared by treating cyanic ether with aiunioiiia : 

+ NH3 = It is very soluble in water and alcoliol : 

the concentrated aipieous solution, unlike that ot* ordinary urea, 
yields no precipitate with nitric acid ; but on gently evH]>orating 
the mixture, a very soluble crystalline nitrate of ethyl-urea is 
obtained. Boiled with ]>otash, it yields a mixture of 1 molecule 
of ammonia and 1 molecule ethylamine : (tjH}^Nj,() + 2lvlIO == 
K.CO^ + NH3 + CbH.N. 

Dkthyl-iirm^ — (^H2((^>Hr,)2N.,0. — Diethylamine be- 

haves with cyanic acid like ammonia and ethylamine, giving 
rise to diethyl-urea. A similar but not identical substance 
is formed bv the action of cvanic ether upon ethylamine: 
CN(CJl -)0 + C2H,N = C^Ilv2^V^. The dietliyl-iiivas aiv very 
crystallisalfle, and readily form crystalline nitrates. Boiletl 
with potash, they yield, the former i molecule of diethylamine 
and 1 molecule of ammonia; CH.>((bH.)2N20 + 2KHt) = 
K9CO3 4" NH((bHr,)., + NH., ; the latter, ]>nre ethylamine: 
(^fl.2(C2H5)2N,/) +“ 2 kllO = K.COo + 2 NH 2 (C 2 H,.,). 

Mcfhyl-iirea^ CH.(CiI.^)N20, flimcAhyl-unn^ CJlI^((Ud 2)2^2^? 
methyl-ethyl-%irca^ (JH.2(C’ll3)(C?2llr,)N.2(), are obtaljied by similar 
processes, the last by tlie action of methyl cyanate on ethylamine. 

Of (uuy]~vrm^ (^QlL^NgO, two moditicatioiis are kmnvn, viz., 
pri mar V amyl-urea, 0/l3((..V*Hj|)X20, prepaied like ethybiiiea, and 
secondary amyl-urea, or metliyl-butyl-iirea, OFf2((d [..)(04ffy)N20, 
obtained by the action of ammonia on amyleiie cyanate. 


AMIDES DERIVED EROM ACIDS OF IlKHIER ATOMICITY. 

Our knowledge of these amides is somewhat limited : w^e shall 
notice only those <lerived from malic and from citric acid. 

Malic acid (C^Il302y"(^^H)3, which is triatomic and bil)asic, 
forms an acid amide and a neutral amide : 


( OH 

( OH 

( OH 

(C4H3O/4OIT 

(C^HaOJ"] NH3 

(C 4 n 303)'4 NH, 

(OH 

(oh 

(NH, 

Malic acid. 

Malamic acid. 

Malamide. 


Malamidc is deposited in small crystals, when ammonia-gas is 
l)assed into an alcoholic solution of etliylic malate : 
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C4H,(C,H,)A + 2NH3 2 CA 0 + C.H^NA. 

Ethyl malate. Alcohol. Malamide. 

Malainic acid, C4H7NO4, not known in the free state ; but 
its ethylic ether, or malametlmne, C 4 He(C 2 H^)N 04 , is X)roduced as a 
crystalline mass, when dry ethyl malate is saturated with am- 
monia-gas : ^ 

C4H4(C2H,)20, + NH3 ^ a, 11,0 + C4He(C,H,)N04. 

Malamide, C^HgN203, is metameric, not identical, with asjt^ara- 
gin^ a substance found in the root of marsh-inaUow, in asparagus- 
shoots, and in several other ydants. To prepare asj^aragin, marsh- 
mallow roots are chopped small, and macerated in the cold with 
milk of lime ; the filtered li([uid is precipitated by carbonate of 
ammonia, and the clear solution evaporated in the water bath to 
a syrupy state. The imj)iire asparagin, which separates after a few 
days, is ]>urified by re-crystallisation. Asparagin forms brilliant, 
transparent, colourless crystals, which have a faint, cooling taste, 
and are freely soluble in water, esT)ecially when hot. When dis- 
solved in a saccharine licjuid, which is afterwards made to feiment, 
or when heated with water under pressure in a close vessel, or when 
boiled with an acid or an alkali, it is converted into ammonia and 
asparfic acid, an acid metameric with malamic acid. 

Asparagin dilfers from malamide in crystalline form ; more- 
over, it conlains water of crystallisation, the composition of the 
crystals being C4HgN203.H20, whereas those of malamide are an- 
hydrous. The two substances differ also in their action on polar- 
ised light, malamide having a specific rotatory power of — 47 * 5 °, 
whereas that of asparagin in an acid solution is + 35 °, and in an 
anuuoniacal solution —11° 18 '. Lastly, malamide, when treated 
with alkalis, is easily resolved into ammonia and malic acid, 
whereas asparagin, as already observed, yields ammonia and 
as})artic acid. 

The difference of constitution between these metameric bodies 
may be rei>resented by the following formulai; 


COOH 

COOH 

I 

C0NH2 

CONHo 

1 ^ 

( 

CONH. 

j 

CHOH 

CHNH^ 

j 

cHOir 

CHNHo 

1 

< 

j 

JHOH 

1 

1 

CH2 

6 h , 

1 

CHo 

1 ‘‘ 

CHg 

( 

1 


COOH 

COOH 

COOH 

(iooH 

1 

IjONHo 

Malic acid. 

A Rpai*tic 
acid. 

Malamic 

acid. 

Asparagin. 

Malamide. 


These formulae indicate that aspartic acid is bibasic, malamic aoid 
and asparagin monobasic, and malamide neutral. Now, malamide 
is certainly neutral, and asparagin forms salts by substitution of 
metals for om of its hydrogen-atoms. The basicity of malamic 

3 N 
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and aspartic acids is not very distinctly made out. Aspartic acid 
is commonly said to be monobasic, forming neutral salts, like 
C4HgKN04, and likewise basic salts ; but the aspartates have not 
been very fully investigated, and it is quite possible that these 
so-called basic salts may really be neutral. 

There are also j>henylated amides of malic acid, viz., diphenyl- 
malamide or inalanillde, C4Hg(CjjH^,)2^2^3» phenyUmalimide 

ovmalanilj CjoHgNOg = (C4H3O2)'" | simultane- 

ously by fusing malic acid with aniline ; and pheinjl^malamic or 

(OCA 

vialanilic acid, CioH4jN04 = (C4H302)"' \ NHg , obtained as an 


ammonium-salt by boiling phenyl-maliniide with aqueous airi- 
monia. 

Lastly, the action of heat on acid ammonium malate yields 
malamijl-nitrile, (C4H302)'''^N, which is identical with the imide 
of fumaric acid, and when boiled with hydrochloric or nitric acid, 
yields compounds of these acids with an optically inactive variety 
of aspartic acid: C4H3O2N + 2H2O = C4H7NO4. 


Amides of Citric Acid. — Ciiramide, N3(C^.H^P4)'"H3, is a crys- 
talline compound, slightly soluble in water, obtained by th^action 
of alcoholic ammonia on ethyl or methyl citrate. — Tripheui/l-citra- 
mide, N3(CQH..04)^^XC^r»^r»)3H3, obtained by the action of heat on 
neutral phenylammonium citrate, C\jH-(C^HgN),04, from which 
it differs by 3H2O, crystallises from alcohol in colourless striated 
prisms. 

Citrimide and citrainic acid are not known : but phenylic de- 
rivatives of these amides have been obtained. 


URIC ACID AND UREIDES. 

TTric Acid, C^N4H403, formerly called Litliic acid, is a pro- 
duct of the animal organism, and has never been formed by artifi- 
cial means. It may be prepared from human urine by concen- 
tration and addition of hydrochloric acid, and crystallises out after 
some time in the form of small, reddish, translucent grains, very 
difficult to ]>iirify. A much preferable method is, to employ the 
solid white exci*ement of serj)ents, which can be easily pi-ocured : 
this consists almost entirely of uric acid and ammonium urate. It 
is reduced to powder, and boiled in dilute solution of caustic 

f >otash ; the liquid, filtered from the insignificant residue of fecu- 
eut matter and earthy phosphates, is mixed with excess of hydro- 
chloric acid, boiled for a few minutes, and left to cool. The pro- 
duct is collected on a filter, washed imtil free from potassium 
chloride, and dried by gentle heat. 
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Uric acid, thus obtained, forms a glistening, snow-white powder, 
tasteless, inodorous, and very sparingly solulde. It is seen under 
the microscope to consist of minute, hut regular crystals. It dis- 
solves in concentrated sulphuric acid without aj)parent decomposi- 
tion, and is ])rccipitated by d .ution with water. By destructive 
distillation, uric acid yields cyanic acid, hydrocyanic acid, carbon* 
dioxide, ammonium carbonate, and a black coaly residue, rich in 
nitrogen. By fusion with j)Otassium hy<lrale, it yields potassium 
carbonate, cyanate, and cyanide. When treated with nitric acid 
and with lead dioxide, it undergoes decomposition in a maimer to 
be presently described. 

Uric acid is bibasic : its most important salts are those of the 
alkali-metals. Acid 2^^tassiiim urate, C5N4U3KO3, is deposited 
from a hot saturated solution of uric acid in the dilute alkalij as a 
white, sparii]gly soluble, concrete mass, composed of minute 
needles: it recjuires about 500 jiarts of cold water for solution, is 
rather more soluble at a high temperature, and much more soluble 
in excess of alkali. Sodium urate resemldcs the potassium-salt: 
it fonns the chief constituent of the gouty concretions in the joints 
called chalk-stones, Ammoniiim urate is also a s])aringly soluble 
compound, recjuiring for solution about 1000 parts of cold water: 
the solubility is very much increased by the presence of a small 
quantity of certain salts, as sodium chloride. The most common 
of tire urinary defiosits, forming a buff-coloured or pinkish cloud 
or muddiness, which disappears by re-solution when the urine is 
warmed, consists of a mixture of different urates. 

Uric acid is perfectly well characterised, even when in very 
small quantity, by its behaviour with nitric acid. A small portion 
mixed with a dro]) or two of nitric acid in a small porcelain 
caj)sule, <lissolves with cojuous effervescence. When this solution 
is cautiously evaporated nearly to dryness, and, after the addition 
of a little whaler, mixed w’ith a slight excess of ammonia, a deep- 
red tint of murexide is immediately j>roduced. 

Impure uric acid, in a remarkable state of decomposition, is now 
imported into this country, in large quantities, for use as a manure, 
under the name of guano or huano. It comes chiefly from the 
barren and uninhabited islets of the w^estern coast of South 
America, and is the j)roduction of the countless birds that dwell 
undisturl)(?d in those regions. The i)eople of Peru have used it 
for ages. (Juano usually a])pears as a pale-browui powder, some- 
times with whitish specks ; it has an extremely offensive odour, 
the strength of which, how^ever, viiries very much. It is soluble 
in great part in w^ater, and the solution is found to be extremely 
rich in ammonium oxalate, the acid having been generated by a 
process of oxidation. Guano also contains guanine (p. 906). 
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Products fonued from Uric Acid by OxidutioUj £c. 

Uric acid is remarkable for the facility with which it is altered by 
oxidising agents, and for the {^eat number of definite and crystal- 
► Usable compounds obtained in this manner, or by treating the 
immediate products of oxidation with acids, alkalis, reducing 
agents, &c. The following is a list of most of the compounds thus 
produced : — 


Uric acid, . . 

Pseudo-uric acid 
Uroxanic acid, 
Alloxan, . . 

Alloxanic acid. 
Alloxantin, 
Barbituric acid, 
Bromobarbi- ) 
tiiric acid, ) 
Dibromobar- i 
bituric acid, J 
Violuric acid, . 
Dilituric acid, 
Violantin, . . 

Dialuiic acid, . 
Uramil, . . . 


C5N4HAH* 

, c.n^ha-h 

C^N^HA 

aN^HA-Ha 

CgN4H407.3aq. 

C4N2HA*H2 

C4N 2ll2Br 2O3 

C4N3H2O4.H 

C4N3H20,.H 
C4NeH,0, 
C4N2H3O4.H , 

C4N3H,03 i 


Thionuric acid, 
Hydurillc acid, 
Allantoin, . . 

Glycoluril, 
Mycomelic acia, 
Oxaluric acid, 
Allanturic acid, 
Hydantoin, . 
Hydantoic acid, 
Allituric achl, 
Leucoturic acid, 
Parabanic acid, 
Dibarbituric ) 
acid, . . ) 

Murexide, . . 

Mesoxalic acid. 


C^NjIIgOeS.H, 

C.NAA.H, 

0^411^02 

CgNAaO^.H 

CgNAsOs-H 

C3N2H4O, 

CgNArPs-H 

C0NA6O4.H 

CgNAaO^.H 

C3NJ.H2O3 

C8N4HA.H3 

C3N3HA, 

CA..H2 


Wlien uric acid is subjected to the action of an oxidising agent 
in presence of w^ater, it gives up two of its hydrogen-atoms to the 
oxidising agent, while the dehydrogenised residue (which may be 
called dehyduric acid) reacts with water to fonn mesoxalic. 
acid and urea: 


C,N4H203 + 4H2O = C3H2O, + 2CN2H4O 

Dehyduric Mesoxalic Urea, 

acid. acid. 

The separation of the urea generally takes place, however, by 
two stages, the first portion being removed more easily than the 
second ; thus, when dilute nitric acid acts upon uric acid, alloxan 
is produced ; and this, when heated with baryi^a-water, is further 
resolved into mesoxalic acid and urea : 


C5N4HA 

Dehyduric 

acid. 

+ 

2H2O 

= C4N2n304 

Alloxan. 

+ 

CN2H4O 

Urea. 

C4N2HA 

Alloxan. 

+ 

2H3O 

= C3H2O3 
Mesoxalic acid. 

+ 

CN2H4O 

Urea. 


* The basicity of the several acids in tliis table is indicated by the 
number of hydrogen-atoms to the right of the point. 
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Moreover, the urea is freq^uently resolved into carbonic acid and 
ammonia by the action of the acids or alkalis present. Alloxan 
is a monureide of mesoxalic acid — that is to say, it is a compound 
of that acid with one molec le of urea minus SHgO; and the 
hypothetical dehyduric acid is the diureide of the same acid, 
derived from it by addition of 1 molecule of urea and subtraction’^ 
of 4 molecules of watei\ Now, by hydrogenising mesoxalic acid, 
we obtain tartronic acid, C 3 H 4 O 5 (p. 728); and by hydrogen- 
ising alloxan, we obtain dialuric acid, which two bodies, accord- 
ingly, bear to uric acid the same relation that mesoxalic acid and 
urea bear to dehyduric^acid ; thus : 


C3H205 


C3NAO3 

Mesoxalic 

Alloxan. 

Dehyduric 

acid. 


acid. 

C3H4O, 

C^N^HA 


Tartronic 

Dialuric 

Ulic acid. 

acid. 

acid. 



and just as the hypothetical dehyduric acid yields mesoxalic acid 
and alloxan, so should actual uric acid yield tartronic and dialuric 
acids. These bodies, however, have not been obtained by the 
tlirect breaking-up of uric acid, but only by rehydrogenising the 
mesoxalic acid and alloxan which result from the breaking- up of 
its dehydrogenised product. Provisionally, however, dialuric and 
uric acids may be regarded as tartron-ureide and tartroii-diureide 
respectively. 

The several bodies just mentioned are tyj^ical of three well- 
defined classes of compounds, to one or other ot which an immense 
nuiriber of uric acid products may be referred. First, there is the 
class of simple non-nitrogenous acids, or an-ureides, like tar- 
tronic and mesoxalic acid ; secondly^ there is a class of bodies con- 
taining a residue of the acid plus one residue of urea — these are 
the mon-ureides, such as dialuric acid and alloxan; and, lastly, 
the class of bodies containing a residue of the acid plus two 
residues of urea, or tlie di-ureides, such as uric acid itself. 

Mesoxalic acid, the most complex non-nitrogenous product ob- 
tainable directly from uric acid, constitutes the third term in the 
following series ; 

CHA C^TIA C 3 HA, 

Carbonic. Oxalic. Mesoxalic. 

each of which contains 1 atom of carbon monoxide, CO, more than 
the preceding. Now, when mesoxalic acid is acted upon by 
nascent oxygen, its excess of carbon monoxide is removed in the 
form of carbon dioxide, and it is thus converted into oxalic 
acid ; 


C3H20g + O 


CO2 + 
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Hence, wlien uric acid is subjected to a more active oxidation than 
that whicli suffices to ])roduce mesoxalic acid, we obtain oxalic 
acid, which may occur either in its sim])le aiiuivide stale, or (a)n- 
ju^i^mted with 1 molecule of urea to form a monureid<s such as 
pavahanic ncid; or \yith 2 molecniesoi urea to /onn ;i diureide, 
^uch as mycomelic acid, a body related to oxalic acid just as 
iQ’ic acid is related to mesoxalic acid, 

111 like manner, when uric acid is subjected to a still more 
powerful oxidation than suffices to produce oxalic acid, we obtain 
carbonic acid, which, like oxalic and mesoxalic acids, is also capable 
of j^ivinj:? rise to ureides. No ureide of ca»bonic acid has, in<l(*ed, 
yet been formed directly from uric acid, the active treatjuent 
required to elfect tlie comjdete oxidation of the uric acid producing 
also a separation from one another of the r(*sulthig carbonic acid 
and iireh, which, however, may be obtained in combination by 
other means. • Allophanic acid, for instance, the ethylic etht*r 
of which is obtained by passing the vapour of cyanic atnd into 
absolute alcohol, is a inonurehle of carbonic aci<l ; but no diureide 
of this acid ap]>ears to be knowui. 

Alloxan, the monureide of mesoxalic acid above mentioned, is 
formed from mesoxalale of urea by elimination of two mohnuiles 
of water; but there is another monureide, namely, alloxanic 
acid, which differs from the original salt by only one mohnuile of 
water. Similarly, oxalic acid forms two momireides, — luunely, 
parabanic acid or paraban, analogous to alloxan; and oxa- 
luric acid, analogous to alloxanic acid. Carbonic acid, however, 
forms but a single ureide, which is produced l)y the elimination of 
one molecule of water, and accordingly belongs to the same sei*ies 
as oxaluric and alloxanic acids : 


Acids, 

CH^Og, Carbonic. 
C2H2O41 Oxalic;. 

CgH^O,-, Mesoxalic. 


Ureides, 

C2N9H4O3, Allophanic. 
5 Oxaluric. 

I O^N^H^Og, Paraban. 

( C4N2H4O., Alloxanic. 

I C4N2H2O4, Alloxan. 


Similarly, among the diureides, some are forimul from the cor- 
responding inonureides by elimination of one molecule, and others 
by elimination of two molecules of water. 

Mesoxalic acid, as already observed, is convertibh*, by deoxida- 
tion or hydrogenation, into tartronic acid, and by pushing the 
deoxidation a stage further, malonic acid (p. 728 ) is obtained, 
both of which acids are capable of forming inonureides and 
diureides ; and, in a similar manner, oxalic and carbonic acids fur- 
nish a variety of similar deoxidation-products. 

Of the numerous compounds belonging to the uric acid group 
thus produced, the most important are included in the following 
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table ,* wliich is divided perpendicularly into three columns of an- 
nreides, nion-urcides, an<l di-ureides, and horizontally into three 
layers of carbonic, oxalic;, an ' inesoxalic jiroducts. The com- 
pounds c(mnec;ted by dotted lines dilfer in composition from one 
another by an excess or deficit of one molecule of urea minus one 
moh'cule of water, while those standing on the same level in tha» 
adjoining columns, and unconnected by dotted lines, differ from 
one anotlier by an excess or deficit of one molecule of urea minus 
two iiioleciiles of water : — 


An-ureuks, 
Cll.jOg, Carbonic 

Mon-uretdps. 
.Q2^2il403, Allophiinic. 

Di-ureides, 


(.’jX" 2TL;( >2, Aceturca. 

Glycoluric. 

C4K4TT1.O2. Olvroliiril. 
04^<4ll(jO3, AlJaiitolfn. 

0.211402, Arctic 
C2II4O2, Gl.vcollic. 
€211404, (dyoxyhe. 

C3N2II4O2, Ilydantoin. ' 
(’jN’^jIT^Os, Lantanuric. 
L.^^"2lU041 Oxalunc. 

€,X'4Tl402, Mycomclic. 

C2H2O3, (Jlyoxallc. 
€211204, Oxalic. 

€.4X"2TT20.,, Paraban. 



05X41140, ’ITviioxanthine 

0,411404, Mfilonic, ^%X2U40,,, Barbiluiic. 0,5X41140.2, Xiuitliiiit*. 

Cjll4()5, Taitioinc. 01X011404, Oialuric 0.5X411403, Uric add. 

C4X2II4O5, Allfixanic. - 05X411^,04, Tscudo-uric. 

C.3IL2O5, Me.soxalic. 04N2n2ll4t Alloxan. 

Between rtoiue of the consecutive luonureides sin nvn in this 1 able, 
there exist l>odios formed by the imioii of tlie two con.secutive nion- 
ureide^s, with eliniindlion of water. Such is the mode of forma- 
tion of allituric, lantanuric, and hydurilic acids, and of 
alloxantin; thii.s : — 


C„N,}1„0, = 

Allitui ic 
add. 

Ilydauttan. 

+ 

C 3 N,H ,,03 

Lantanuric 

acid. 

- H2O 

C„N,H,0, = 

Leiicoturic 

add. 

C,N,H,0, 

Lantanuric 

acid. 

+ 

Paraban ic 
acid. 

- H2O 

Ilydnrilic 

acid. 

Barbituric 

acid. 

+ 

C4N2H404 

Dialuric 

acid. 

- H2O 

CsN,H,Oj = 
Alloxantin. 

Dialuric 

acid. 

+ 

C^N^TI^O^ 

Alloxan. 

- H2O 


* This tiible^ tof^ether with the preceding view of the relations between 
tlie several derivative.s of uric acid, is taken from Odling’s Lectures on 
Animal Chemistry.*’ London, 1806, pp. 129-135. — This view of the consti- 
tution of the uric acid derivatives is due to Baeyer (Ann. Ch. Pliarni, 
cxxvii. 199; exxx. 129; cxxxv. 312). 
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T\ie tollowiiig is a description of sohie of the more important 
compounds above enumerated : 

AUantoixx, C4N4He03. — This substance, which contains tlie 
elements of 2 molecules of ammonium oxalate minus 5 molecules 
of water [2C2(NH4)204— 5H2O], is found in the allantoic liquid of 
^ihe foetal calf and in the urine of the sucking calf. It is produced 
artificially, together with oxalic acid and urea, by boiling uric 
acid with lead dioxide and water : 

2C,N4H403 + O3 + 5H2O = C4N4lIe03 + 2C2H2O4 + 2CN2H4O3 . 

The liquid :ftltered from lead oxalate, and concentrated by 
evaporation, deposits on cooling crystals of allantom, which are 
purified by re-solution and the use of animal charcoal. The 
mother-lifiuor, when further concentrated, yields crystals of pure 
urea. Allantoin forms small but brilliant prismatic crystals, 
trail S2)arent, ^lourless, tasteless, and without action on vegetable 
colours. It dissolves in 160 parts of cold water, and in a smaller 
quantity at the boiling heat. It is decomposed by boiling with 
nitric acid, and by oil of vitriol when concentrated and hot, 
being in this case resolved into ammonia, carbon dioxide, and 
carbon monoxide. Heated with concentrated solutions of caustic 
alkalis, it is decomposed into ammonia and oxalic acid. 

Alloxan, C4N2H2O4. — This is the characteristic product of the 
action of strong nitric acid on uric acid in the cold. It is best 
prepared by adding 1 part of pulverised uric acid to 3 parts of 
nitric acid, sp. gr. 1 * 45 , in a shallow basin standing in cold water. 
The resulting Avhite crystalline mass, after standing for some 
hours, is drained from the acid liquid in a funnel having its 
neck stopped with pounded glass, then dried on a porous tile, and 
purified by crystallisation from a small quantity 01 water. 

Alloxan crystallises by slow cooling from a hot saturated solu- 
tion in large efflorescent rectangular prisms containing C4N2H2O4 
+ 4 aq. ; from a solution evaporated by heat it separates in 
monoclinic octohedrons with truncated summits, containing 
C^N2H204 -j- aq. These crystals heated to 150 °-] 60 ° in a stream 
ot hydrogen give off their water, and leave anhydrous alloxan, 
C2N2H2O4 . Alloxan is very soluble in water : the solution has 
an acid reaction, a disagreeably astringent taste, and stains the 
skin, after a time, red or purple. It is decomposed by alkalis, 
and both by oxidising and deoxidising agents : its most charac- 
teristic property is that of forming a deep-blue compound with a 
ferrous salt and an alkali. 

Alloxanic Acid, C4N2H4O5 . — The barium-salt of this acid is 
deposited in small colourless, pearly crystals, when baryta- water 
is added to a solution of alloxan, heated to 60 °, as long as the 
precipitate fiAt produced redissolves, and the filtered solution is 
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then left to cool. The barimn may be separated by the cautions 
addition of dilute sulphuric acid, and the filtered liquid by gentle 
evaporation yields alloxanic acid in small radiated needles. It has 
an acid taste and reaction, u composes carbonates, and dissolves 
zinc with disengagement of hydrogen. It is a bibasic acid. The 
alloxanates of the alkali-metals are freely soluble; those of tk^ 
earth-metals dissolve in a large quantity of tepid water ; that of 
silver is quite insoluble and anhydrous. 

Meeoxalic Acid, C3H2O5. — When a warm saturated solution of 
barium alloxanate is heated to ebullition, a precijutate falls, which 
is a mixture of barium carbonate, alloxanate, and mesoxalate : 
the solution is found to contain unaltered barium alloxanate and 
urea. Mesoxalic acid is best prepared by slowly adding solution 
of alloxan to a boiling-hot solution of lead acetate : the heavy 
granular precipitate of lead mesoxalate thus produced is washed 
and decomposed by suljjhurettcd hydrogen : urea is also formed 
in this reaction. Mesoxalic acid is crystal lisable : it has a sour 
taste and powerfully acid reaction, and resists a boiling heat: 
it forms sparingly soluble salts with barium and calcium, and 
a yellowish insoluble compound with silver, which is reduced 
with effervescence when gently heated. 

Paraban or Parabanic Acid, C3NJT2O3. — This is the cha- 
racteristic product of the action of motierately strong nitric acid 
on uric acid or alloxan, with the aid of heat: 

+ O2 + 2H2O C3N2H2O3 + 2CO2 + 2NH3. 

It is conveniently prepared by heating 1 part of uric acid with 
8 parts of nitric acid till the re-action has nearly ceased ; the 
liquid is evaporated to a syrup and left to cool ; and the product 
drained from the mother-liquor is purified by recrystallisation. 
Paraban forms colourless, transparent, thin, prismatic crystals, 
permanent in the air : it is easily soluble in water, has a pure and 
powerfully acid taste, and reddens litmus strongly. Neutralised 
with ammonia, and boiled for a moment, it yields on cooling 
crystals of the ammonium salt of oxaluric acid, C3N2H4O4, 
from which the acid may be separated l)y sulphuric acid. 

Oxaluric acid contains the elements of 1 molecule of parabanic 
acid and 1 molecule of water. Its solution is resolved by ebulli- 
tion into free oxalic acid and oxalate of urea. 

Thionuric Acid, C4N3H5SOfl . — This acid, which contains the 
elements of alloxan, ammonia, and sulphurous oxide (C4N2H2O4 + 
NH3 + SO2), is formed, as an ammonhmi-salt, when a cold 
solution of alloxan is mixed with a saturated aqueous solution of ^ 
sulphurous acid, in such quantity that the odour of the gas 
remains quite distinct : an excess of ammonium carbonate mixed 
with a little caustic ammonia is then added, ^d the whole 
boiled for a few minutes. On cooling, aTMnoni'tm, thionurate is 
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deposited in colourless crystalline plates, wliicli, by solution in 
water and re-crystallisation acquire a line pink tint. By convert- 
ing it into a lead salt, and decomposing the latter with hydrogen 
sulphide, thionuric acid is obtained as a white crystalline mass, 
very soluble in water. When its solution is heated to the boiling 
]^)int, it is resolved into sulphuric acid and uramile or dial- 
uramide, 

C,N3H,S0, + H,0 = + C4N3HA- 

Uramile may be prepared hy boiling a solution of ammonium 
thionurate with a slight excess of hydrochloric acid. It then 
separates as a Avhite crystalline substance, nearly soluble in water, 
but soluble in alkalis. The ammoniacal solution becomes purple 
in the air. It is decomposiid hy strong nitric acid, with forma- 
tion of alloxan and ammonium nitrate: ()4N3Hr,03 + O = 
C4N2HJJO4 + NH3. Heated with aqueous solution of ])otassium 
cvanate, it is converted into pseudo-uric acid, O-N 411^04 = 
C4N., 11,03 + 

When ad(led to argentic, or mercuric oxide suspended in boiling 
water, it is converted into murexide (]>. 940). 

Alloxantin, CgN4H40-.3 aq. — This substance is tln^ c.hief pro- 
duct of the action of hot dilute nitric acid upon uric acid, and is like- 
wise produced by the action of deoxidising agents u])on alloxan, 
anhydrous alloxantin, in fact, containing 1 atom of oxygen less 
than 2 molecule.^ of alloxan. It is best ]>repared by ])assing sul- 
phuretted hydrogen gas through a moderately strong and cold 
solution of alloxan. The mother-liquor from which the crystals 
of alloxan have se])arated answers the purpose perfectly well : it 
is diluted with a little water, and a copious stream of gas trans- 
mitted through it. Sulphur is then deposited in large cpiantity, 
mixed with a white, crystalline substance, which is the alloxantin. 
The product is drained upon a lilter, slightly washed, and then 
boiled in w'ater : the filtered solution deposits the alloxantin on 
cooling. Alloxantin forms small, four-sided, oblique rhombic 
prisms, colourless and transparent ; it dissolves with ditiiculty*in 
cold water, but more freely at the boiling heat. The solu- 
tion reddens litmus, gives with baryta-water a violet-coloured 
precipitate which disappears on heating, and when mixed with 
silver nitrate produces a black preci]»itate of metallic*, silver. 
Heated with chlorine or nitric acid, it is changed by oxidation to 
alloxan. The crystals become red when exposed to ammoniacal 
vapours. They contain 3 molecules of water, wliich they do not 
give off till heated above 1.50°. 

Alloxantin is readily decomposed : when a streanci of sul])hur- 
retted hydrogen is passed through its boiling solution, sulpliur is 
deposited and dialuric acid is produced. A hot salairated solution 
of alloxantin jpixed with a neutral salt of ammonia instantly 
assumes a pul|be colour, which, however, (quickly vanishes, the 
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liquid becoming turbid from formation of uramile: the solution 
then contains alloxan and free acid. With silver oxide, allox- 
antin gives off carbon dioxide, mluces a poiiion of the metal, 
and converts the remainder of the oxide into oxalnrate. Boiled 
with water and lead dioxiue, alloxantin gives urea and lead 
carbonate. • 

Dialuric Acid, C4N.JI4O4, is the final product of llie action of 
reducing agents on alfoxan, and is formed when sulphuretted 
hydrogen is passed through a boiling solution of alloxan till no 
further action takes place : C4N2H2O4 + HgS = d- S. 

It forms colourless ]ieedles, reseniblijig tliose of alloxantin, has a 
strong acid reaction, and neutralises acids conqdetely, forming salts 
w^hich are sparingly soluble in water. 

Hydurilic Acid, — Dialuric acid, heated to about 

lf)0^ witli glycerin (which acts mei-ely as a solvent), splits up 
into formic acid, carhcm dioxide, and amnionium hydurilate; 

GC^NallA = + 3CO, + 2C«N,H,(NH4)Oe. 

By converting this amnionium- salt into a copper-salt, and decom- 
posing the latter with hydrogen sulphide, hydurilic acid is 

obtained in crystals. 

Hydurilic, acid is converted by fuming nitric acid into alloxan, 
witliout any other iwoduct ; but with nitric acid of ordinaiy 
strength it yields alloxan, together with violuric acid, vio- 
lautin, and dilituric acid:* 

CgN^H.O, + NO3H = C\N3H A + + II.O 

Hydurilic Violin ic Alloxiin. 

acid. ucld. 

CsN4TroOe + 2 NO.,H - C4N3H.A. + + NO^H + II,, 0 . 

Hydurilic Dilitunc Alloxan, 

acid. acid. 

If the action be carried on to the end, dilituric acid is the only 
product. This acid may indeed be regarded as a product of the 
oxidation of violuric acid : C4N3H3O5 = C4N3H3O4 -f- O ; and 
violantin as a compound of the two. 

Dibromobarbituric Acid, CiNoHgBr^O-j, is produced, together 
with alloxan, hy the action of bromine on hydurilic acid ; 

CAHoOfl + Br, + B ,0 = C4N2H2B1A + C4N2H A + ^HBr. 

It crystallises in colourless, shining rhombic plates, or prisms, 
soluble in water, x^ery soluble in alcohol and ether. By hydroyen 
mlphidCj in ])resence of w'^ater, it is reduced to dialuric acid : 

C4N2ll2Br203 + H^S + ILfi = r4N2H404 + 2 IIBr + S. 

* For descriptions of these several products, see Watt’s Dictionary of 
C'hemiHtr3\ 
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With a small quantity of hydriodic acid it yields hydurilic acid : 

2C4N2H2Br203 + 6HI == CgN^HA + 4 HBr + 3I2 ; 

but when it is heated wdth excess of hydriodic acid, the reduction 
goes a step further, and barbituric acid, C4N2H4O3, is produced : 

C4N2H2Br203 + 4 HI = C4N2H4O3 + 2 HBr + 2I2. 

Barbituric acid crystallises in beautiful prisms, containing 
two molecules of water. It is bibasic, and yields chiefly acid salts, 
which are obtained by treating the corresjjonding acetates with 
barbituric acid. 

Barbituric acid is converted by fuming nitric acid into dilituric 
acid, by potassium nitrate into potassium violuratr. When boiled 
with potash it gives oft' ammonia, and yields the potassium-salt of 
malonic acid, 0311404^ (p. 723 ), whence it appears to have the 
constitution of malonyl urea, CN2H2(C3H202y^0 = C3H4O4 + 
CN2H4O - 2H2O. 

Murexide, CgN^HgOg + aq. ; Prout^s Piirpurate of Ammionia, 
— There are several methods of preparing this beautiful com- 
pound. The best, is that of Br. Gregory ; 7 parts of alloxan and 
4 parts of alloxantin are dissolved in 240 parts of boiling water, 
and the solution is added to about 80 parts of cold strong solution 
of ammonium carbonate : the liquid instantly acquires such a 
depth <d* colour as to become opaque, and gives on cooling a large 
quantity of murexide: the operation succeeds best on a small 
scale. Another very good method is to boil for a few^ minutes 
a mixture of 1 part of dry uramile, 1 part of mercuric oxide, and 
40 parts of water rendered slightly alkaline by ammonia : 

2 C,N 3 H 503 + O = H3O + CgNeHgOe. 

Murexide* cr>^stallises in small square prisms, wliich by reflected 
light exhibit a splendid green metallic lustre, like that of the wing- 
cases of the rose-beetle and other insects ; by transmitted light 
they are deep purple-red. It is soluble with difficulty in cold 
water, much more easily at the boiling heat, insoluble in alcohol 
and ether. Mineral acids decompose it, with separation of a white 
or yellowish substance called murexan^ probably identical with 
uramile. Caustic potash dissolves it, with production of a magni- 
ficent purple colour, which disappears on boiling. 

A few years ago murexide was extensively used in dyeing ; it is 
now rapidly being superseded by rosaniline. 

A series of substances closely related to the derivatives of uric 
acid are noticed under the head of Caffeine (p. 904 ), 

• So called fem the Tyrian dye, said to have been prepared from a 
species of or shell-fish. 
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OUGANIO COliOTJBINa PBINCIPLES. 

The organic colouring prin pies are substances of very consider- 
able practical importance in relation to the arts ; several of them, 
too, have been made the subjects of extensive and successful 
chemical investigation. With the exception of one red dye, cochi- 
neal, they are all of vegetable origin. Two of them, namely, indigo- 
blue and alizarin, the red colouring matter of madder, have been 
prepared synthetically from bodies belonging to the aromatic group, 
the former from acetophenone, the latter from anthracene. 

The art of dyeing is founded upon an affinity or attraction exist- 
ing between the cmouring matter of the dye and the fibre of the 
fabric. In wool and silk this affinity is usually very considerable, 
and to such tissues a permanent stain is very easily communicated ; 
but with cotton and flax it is much weaker. Recourse is then had 
to a third substance, which docs possess such affinity in a high 
degree, and with this the cloth is impregnated. Such substances 
are termed mordants. Alumina, ferric oxide, and stannic oxide are 
bodies of this class. 

When an infusion of some dye-wood, as logwood, for example, 
is mixed with alum and a little alkali, a precipitate falls, consisting 
of alumina in combination with colouring matter, called a lake; 
it is by the formation of this insoluble substance within the fibre 
that a permanent dyeing of the cloth is effected. Feme oxide 
usually gives rise to dull, heavy colours; alumina and stannic 
oxide, especially the latter, to brilliant ones. It is easy to see 
that, by apj)lying the mordant partially to the cloth, by a wood- 
block or otlierwise, a pattern may be produced, as the colour will 
be removed from the other portions by washing. 

Indig^o. — Indigo is the most important member of the grouj) 
of blue colouring matters. It is the product of several species of 
the genus Indigofera, which grow princii)ally in warm climates. 
When the leaves of these plants are placed in a vessel of water 
and allowed to ferment, a yellow substance is dissolved out, which 
by contact of air becomes deep blue and insoluble, and finally 
precipitates. This, washed and carefully dried, constitutes the 
indigo of commerce. It is not contained ready formed in the 
plant, but is produced by the oxidation of some substance there 
present. Neither is the fermentation essential, as a mere infusion 
of the plant in hot water deposits indigo by standing in the air. 

The occurrence of small quantities of indigo in urine had been 
observed by Hassal and others : it was, however, generally con- 
sidered as a morbid secretion ; but lately Dr. Schunck has proved 
that traces of indigo may be procured from healthy urine. The 
process by means of which this object may be obtained is rather 
complicated : for a description of it and for a full account of 
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his researches on the formation of iiidi<TO-blne, which would over- 
step the limits of this elementary w'ork, the reader is referred to 
Dr. Schunck's original papers.* 

The synthetical formation of indigo from acetophenone has been 
already described (p. 843). 

♦ Indigo comes into the market in the form of cubic cakes, which, 
when rubbed wdth a hard body, exhibit a copper-red appearance : 
its j30W"der has deei>-bluc tint. The best indigo is so light as to 
float upon water. In addition to the blue colouring matter, or 
true indigo, it contains at least half its w'eiglit of various impurities, 
among which may be noticed a red resinous matter, the indigo-red 
of Berzelius : these may be extracted by boiling the i)owdered 
indigo in dilute acid, in alkali, and afterwards in alcohol. 

Pure indigo is (juite insoluble in water, alcohol, mis, dilute acids, 
and alkalis; it dissolves in about 15 parts of concentrated sul- 
phuric acid, forming a deep-blue pasty mass, entirely soluble in 
water, and often used in dyeing : this is suljjhindijlic or siilphindi- 
gotic acid^ a compound analogous to ethyl-sulphuric acid, capable 
of forming with alkaline bases blue salts, which, though easily 
soluble in pure water, are insoluble in saline solutions. If an 
insufficient quantity of sulphuric acid has been employed, or the 
digestion not continued long enough, a pur])le powder is left on 
diluting the acid mass, soluble in a large fiuantity of pure water. 
The Nordhausen acid answ^ers far better for dissolving indigo than 
ordinary oil of vitriol. 

Indigo may, by cautious management, be volatilised : it forms 
a fine purple vapour, wdiich condenses in brilliant coj)per-coloiu’ed 
needles. The best method of subliming this substance is to 
mix it wdth plaster of Paris, make the whole into a paste 
with water, and spread it upon an iron plate. 1 part indigo 
and 2 parts plaster answer very well. This, when quite dry, 
is heated by a spirit-lamp : the volatilisation of the indigo is 
aided by the vapour of water disengaged from the gypsum, and 
the suriace of the mass becomes covered with beautiful crystals of 
pure indigo, wdiich may be easily removed by a thin spatula. At 
a higher teuxperaturci, chai ring and decomposition take place. 

In contact with deoxidising agents, and with an alkali, indigo 
suffers a very curious change: it becomes soluble and nearly 
colourless, perhaps returning to the same state in which it existed 
in the plant. It is on this principle that the dyer juepares his 
iiidigo-vat: 5 jiarts of powdered inaigo, 10 parts of green vitriol, 
15 parts of slaked lime, and 60 parts of water, are agitated together 
in a close vessel, and then left to stand. The ferrous hydrate, in 
conjunction with the excess of lime, reduces the indigo to the soluble 
state ; a yellowish liquid m j)roduced, from which acids precipitate 

* Memoirs of the Jjiterary and Philosophical Society of Manchester, vol. 
xh, 177 ; xiv. 181, 239 ; also Philosophical Magazine [3], x. 73 ; xv. 99 ; 
[4], XV. 29, 117. 
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the iDhitc or hydrogenised indigo as a flocculent insoluble substance, 
which absorbs oxygen with the greatest avidity, and beijonies blue. 
Clotli, steeped in the alkaline Ihpiid, and then ex]>()sed to the air, 
acquires a deep and pernia eiit blue tint by the deposition of 
solid insoluble indigo in the substance of the fibre. Instead of 
the iron salt and lime, a mixture of dilute caustic soda and gra|/«- 
sugar dissolved in alcohol may be used ; the sugar becomes oxi- 
dised to formic acid, and the indigo reduced. On allowing a 
solution of this description to remain in contact with the air, it 
absorbs oxygen, and deposits the indigo in the crystalline state. 

The following formuloe represent the conii)osition of the bodies 
just described : 

Blue insoluble indigo, . . 

White, or hydrogenised indigo, . ^^ 6 ^ 12 ^ 202 - 

Suli)hindylic acid, . . . CUJHJ 0 N 2 O 2 . 2 SO 3 . 

The constitutional formulm of blue and white indigo are as 
follows : 


N— C,H 4 — CO— CH 


HN— CO— CII 


N— C^H^— CO— CH 

Blue indigo. 


HN— C„H 4 — CO— CH 

White indigo. 


That of blue indigo is deduced from its synthetical formation from 
acetophenone (p. 843), and indicates its relation to the 1>odies of 
the aromatic group. 

Products of the Decomposition of Indioo. — The ju’oducts 
of the destructive modification of indigo by powerful chemical 
agents of an oxidising nature are both numerous and interesting, 
inasmuch as they connect this substance in a very curious manner 
with several other groups of organic bodies, especially witli those 
of the salicyl and phenyl series. Jlany of them are exceedingly 
beautiful, and possess very remarkable i)roperties. 

N— C 6 H 4 — CO— COH 

Isatin, C18H10N2O4, or ||- || .— To prepare 

N— CaH^— CO— COH 

this substance, which contains the elements of indigo with 2 atoms 
of oxygen, 1 part of indigo reduced to fine powder and rubbed to 
a paste with water, is gently heated with a mixture of 1 part of 
sulphui’ic acid and 1 part of potassium dicliromate dissolved in 20 
or 30 parts of water. The indigo dissolves, with very slight dis- 
engagement of carbon dioxide, towawls the end, forming a yellow- 
brown solution, which, on standing, deposits impure isatin in 
crystals. These are collected, slightly washed, and redissolved in 
boiling water : the filtered solution on cooling deposits the isatin 
in a siRte of purity. Or, powdered indigo may be mixed with 
water to a thin paste, heated to the boiling point in a large capsule, 
and nitric acid added by small portions until the blue colour dis- 
appears : the whole is then largely diluted with boiling water, and 
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filtered. The impure isatin which s^arates on cooling is washed 
with water containing a little ammonia, and recrystalhsed. Both 
these processes require careful management, or the oxidising 
action proceeds too far, and the product is destroyed. 

Isatin forms deep yellowish-red prismatic crystals of great 
beauty and lustre : it is sparingly soluble in cold water, freely in 
boiling water, and also in alcohol. The solution colours the skin 
yellow, and causes it to emit a very disiigreeable odour. Isatin 
cannot be sublimed. 

A solution of potash dissolves isatin with purple colour : from 
this solution acids precii>itate the isatin unchanged. On boiling, 
however, the colour is destroyed, and the litpiid yields on evapora- 
tion crystals of the potassium-salt of isatic acid In 

the free state this acid is a white and iinj)erfectly crystalline 
powder, soluljle in water, and easily decomposed into isatin and 
water. 

By chlorine isatin is converted into chlorimtiii^ CjnHgCLN 204 , a 
body closely resembling isatin itself in properties. If an alcoholic 
solution and excess of chlorine be employed, other products make 
their appearance, as perchloroquinme or chloranil^ C^Cl^Og, tri- 
chloro 23 he)iol, CgH3Cl30, and a resinous substance. The former of 
these substances, the position of which in the miinone series has 
been already noticed (p. 802 ), yields furtlier products with ])ot{is]i 
and ammonia. Bromisatin is easily formed. The change which 
isatin and its chlorinated and brominated congeners undergo when 
submitted to the action of melting potassium hydrate has been 
alrea<ly considered in the section on the Organic Bases (p. 883 ). 

Exposed to the action of hydrogen and ammonium suljihide, 
isatin yields several new compounds, as isathyde^ suljdiisathyde, &e. 

A hot solution of isatin, treated with ammonium sulphide, 
deposits sulphur, and yields isathyde^ Cj3Hj2N204, a white crystal- 
lised substance which bears to isatin tne same relation as white 
to blue indigo. If the ammonium sulphide be replaced by hydro- 
gen sulphide, bisuljyhisathyde, CjqH 42N2C^2^2> produced, which 
is derived from the former by substitution of two atoms of suljdiur 
for oxygen. An alcoholic solution of potash converts this last 
compound into sul2)hisathyde, C^QlIjoNgOgS. Under the influence 
of cold aqueous solution of potash, bisulphisathyde yields indiii, 
C^6H^N„02, which is isomeric with white indigo. When treated 
with boiling potash, indin fixes the elements ui two molecules of 
water, and becomes indinic acid, C40H^qN 2O4, the potassium-salt 
of which forms fine black needles.* 

♦ Respecting the constitution of isatin and its derivatives, see Baeyer, 
Ann. Ch. Pharm. cxl. 295, Supplement-band vii. 56; Baeyer and Em- 
erling, Zeitsclirift fiir Chemie f2], v” -- 

30 Watts's Dictionary of Chemistry, 
inmerling and Engler, Berichte d. de 
iii. 885 ; Ann. Chim. Phys. [4], xxv. 132. 
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Amnxoniacal gas and solution of ammonia yield witlii isatin a 
series of interesting substances, containing the nitrogen of the 
ammonia in addition to that of the isaiin. 

Action of Chlorine on Indigo. — In the dry stale chlorine 
has no action whatever on indigo, even at the temperature of 100®. 
In contact with water, the blue colour is instantly destroye<l, and 
cannot again be restored. The same thing happens with the blue 
solution of sulphindylic acid.' When chlorine is passed into a 
mixture of powdered indigo and water until the colour disappears, 
and the product is then distilled into a retort, water containing 
hydrochloric acid and a mixture of two volatile bodies, trichlor- 
aniline, C^jH^CloN, and trichloroi)henol, CgHgClgO, passes over into 
the receiver, while 4he residue in the retort is found to contain 
chlorisatin, already mentioned, and dichlorisatm^ C^HgClgN Og, much 
resembling the former, but more freely soluble in alcohol. Both 
these bodies yield acids in contact with boiling solution of potash, 
by assimilating the elements of water. 

The action of bromine on indigo is very similar. 

Anilid and Picric Acids. — Anilic or indigotic acid is j)re- 
pared by adding powdered indigo to a boiling mixture of 1 part 
of nitric acid and 10 parts of water, until the disengagement of 
gas ceases, filtering the hot dark-colour/^d li(j[uid, an(f allowing it 
to stand. The impure anilic acid so obtained is converted into 
the lead-salt, which is purified by crystallisation and the use of 
animal charcoal, and then decomposed by sulpliuric acid. Anilic 
acid forms fine white or yellowish needles, which have a feebly 
acid taste, and a very sparing degree of solubility in cold water. 
In hot water and in alcohol it aissolves easily. It melts when 
heated, and on cooling assumes a crystalline structure. By careful 
management it may be sublimed unchanged. Anilic acid contains 
C7H5NO5 = Cj.H5(N0.j) 03. The sjime acid is readily prepared 
froni salicylic acid (p. 820). Hence it is more approj)riately called 
nitrosalicylic acid? 

Picric^ carbarMio^ or nitrophenisic acid^ 1^3(^02)30, already 
described among the derivatives of j)henol (p. 705), is also one 
of the ultimate iwoducts of the action of nitric acid upon 
indigo. 

Products of the Action of Potassium Hydrate upon 
Indigo. — One of the most remarkable of these, aniline, has been 
already described (p, 880). When powdered indigo is boiled with 
a very concentrated solution of caustic potash, it is gradually dis- 
solved, with the exception of some brownish flocculent matter, 
and the Ihjuid on cooling deposits yellow crystals of the potassium- 
salt of chrysanilic, acid^ which can be procured in a purer stale by 
dissolving the cryshils in water, filtering from reproduced indigo, 
and adding a slight excess of mineral acid. Clirysanilic acid can 
be obtained in iudisf.inct crystals from weak alcohol ; it is sup- 
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posed to contain C38H^N40.; but it is veiy probably a lnix£iw> 
of several substances, especially isatic acid. 

When this substance is boiled vdth niineml acids,* it is decom- 
posed into anthranilicy ot plienyl-earbaTnic acidy C^HyNOj (p. 924), 
which remains in solution, and a blue insoluble matter ^seiubling 
indigo: a similar effect is slowly i)roduced by the action of the 
Jur upon an alcoholic solution of chiysanilic acid. Anthranilic 
acid IS colourless, sparingly soluble in cold water, easily soluble 
in alcohol. It melts when heated, sublimes under lavourable cir- 
cumstances, but decomposes entirely when heated in a narrow 
lube into carbon dioxide and aniline. By treatment with nitrous 
acid, it is converted into salicylic acid. 

According to Cahoiirs, pure indigo can also be converted into 
salicylic acid by fusion with potash : a partieultir temperature is 
required, somewhat above 299^, and the operation is by no means 
always successful. 

Colouring' Ufatters of Iiicheiis, — Litmusis used by the 
flyer as a red colouring matter ; the chemist employs it in the 
blue state as a test for the presence of acid, by which it is 
instantly reddened. 

In preparing test-papers for chemical use with infusion of litmus, 
good writing or drawing paper, free from alum and other acid 
salts, should be chosen. Those sheets which after drying exhibit 
red spots, or patches, may be reddened completely by a little dilute 
acetic acid, and used, wilh much greater advantage' than turmeric 
paper, to discover the presence of free alkali, which restores the 
blue colour. 

Many lichens, when exposed in a moistened state to the action 
of ammonia, yield purple or blue. colouring principles, which, like 
indigo, do not pre-exist in the plant itself. Thus, the Itoccella 
tinctoriay the Varioktria orcinay the Lecanora tartareay &c., when , 
ground to paste with water, mixed with jiutrid urine or solution 
of ammonium carbonate, and left for some tim^ freely exposed to 
the air, furnish the archil y litmuSy and cudbear of commerce, very 
similar substances, differing chietly in the details of the prej)ara- 
tion. From these the colouring matter is easily extracted by 
water or very dilute solution of ammonia. 

The lichens have been extensively examined by Schunck, Sten- 
house, and several other chemists. The whole subject has been 
lately revised by Strecker, whose formulae have been adopted in 
the following succinct account : 

Xir3rtliric Acid. — The lichen, Roccella tinctoriay from which the 
finest kind of archil is prepared, is boiled with milk of lime ; the 
filtered solution is precipitated by hydrochloric acid, and the pre- 
cipitate dried and dissolved in warm, not boiling alcohol, from 
which on cooling, ciystals of erythric acid are deposited. This is • 
a very feeble acid, colourless, inodorous, difficultly soluble in cold 
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and even in boiling water, readily^ soluble in ether. Its Bolntion, 
when mixed with chloride of lime, assumes a blood-red colour. 
Boiled with water for some time, erythric acid absorbs one mole- 
cule and yields picro-erythrin, a crystellisable, bitter principle, and 
orsellinic acid. If the ebullition be continued, the orsellinic 
undergoes a further change, being converted into orcin (p. 805 ). • 
Picro-erythrin, boiled with baryta-water, is decomposed mto 
orcin, erythrite (p. 628 ), and carbon dioxide. 

The composition of these various substances is expressed by the 
.■oll'^v, ing formula} : 

Erythric acid, 

Orsellinic acid, 

Picro-erythrin, 

Orcin, 

And the successive changes which occur by ebullition are repre- 
sented by the following e<jualions ; 

-1- H^O = C«H,0, -I- Ci,HieO, 

Erj'thric acid Orsellinic acid. Picro-erythrin. 

CsH^O, = CVHP, + CO,. 

Orsellinic acid. Orcin. 

C^H^eO, 4- H,0 = C^HgO, -f- C^HioO, -j- CO,. 

Picro-erythrin. Orcin. Erythro- 

mannite. 

Lecanoric or Alpha-orsellic Acid is obtained froin the South 
American variety of Itoccella tinctoria. The preparation and the 
])roperties of this substance are, perfectly analogous to those of 
erythric acid. It contains Ci(iHi 40 y, and likewise yields orsellinic 
acid by boiling with baryta- water : 

CieHnO, -f- H,0 = 2C8H80, 

Lecanoric acid. Orsellinic acid. 

If the ebullition be too long continued, a great portion of the 
orsellinic acid is converted into orcin. 

Orsellinic Acid, whether prepared from erytlirio or lecanoric 
acid, forms crystals which are far more soluble in water than 
either of the acids from which it has been prepared. Its taste is 
somewhat bitter. Boiled with water it yields orcin; under the 
influence of air and ammonia, it assumes a beautiful purple 
colour. 

If the lichens, instead of being treated with milk of lime, are 
exliausted with boiling alcohol, the erythric and lecanoric acids 
are likewise decomposed ; but instead of omellinic acid, the ethylic 
ether of this substance, C 8 H 7 (C 2 Hg) 04 , is formed. This ether 
was formerly described under the name pseudo-erytdirin, until Dr, 
Schunck pointed out its true nature. Ethyl orsellinate may he 
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likewise produced by boiling pure orstdlinic acid with alcohol. It. 
crystallises in colourless lustrous plates, which are TOadily soluble 
ill boiling water, alcohol, and ether. 

Beta-orsellio Acid is found in Roccella Hnrtorm grown at the 
Cape ; it is obtauied like erythric and alpha-orsellic aoi<l, which it 
Tesenibles in. propetties. Beta-orsellic acid contains ; by 

boiling with W’ater, it likewise yiebls om-lliiuc acid, together with 
hair-like crystals of a .silvery lusti-e, of a suljstance called roccellinin, 
which hm the composition 

^34^32^15 ““ SCgHgO^ -f- OjgHjgO- 

Beta-orsellic acid. OrselHnic acid. Roccellinin. 

The decomposition of bela^orsellic. acid is obv iously analop:on« 
to that of erythric acid, the roccellinin representing the piciu- 
erythrin. 

XSverxiic Acid is extracted by milk of lime from Kvernia 
pmnastriy which was formerly believed to contain lecimoric acid. 
Evemic acid is very difficultly soluble even in boiling water; it 
assumes a yellow colour with chloride of lime. When boiled with 
an alkali, it yields another crystalline acid, ererninic acid, differing 
from the preceding hy its free solubility in boiling water. The 
comiDOsition of evernic acid is represented by the formula 
that of everniiiic acid by CqK^qO^» Evernic acid, when boiled for 
a considerable time with baryta, yields orcin : everninic acid does 
jiot give a trace of this substance. It is therefore prolmble that 
evernic acid, under the influence of alkalis, yields, in addition to 
everninic acid, likewise orsellinic acid, from which ilie orcin is 
derived, and that tliis decomposition is represented by the equa- 
tion : 

CitHiA + HP = CgHgO^ + CgHioO, 

Evernic acid. Oraellinic acid. Everninic acid. 

Parellic Acid. — Lecanora parella contains an acid probably 
analogous to erythric, alpha-orsellic, beta-orsellic, and evernic 
acids, the composition of which is, however, still unknown. By 
boiling with baryta it yields orsellinic acid and parellic acid, 
C9HA. 

Orcin, C 7 H 0 O 2 , is the general product of decomposition of the - 
acids previously described, under the influence of heat or alkaline 
earths. It is a diatomic phenol, and has ah’eady l)een described 
under that head (p. 805). In contact with aniinouia and oxygen 
it is converted into a deep-red colouring matter called orcein, 
C 7 H 7 NO 3 . 

Other substances are occasionally present in lichens : thus 
the Umea harbata and several other lichens contain vsnic acid, 
a substance crystallising from alcohol in fine yellowish -white 
needles with metallic lustre, having the formula It 
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gives no orcin by distillation, but a substance similar to it, 
which probably contains C8Hio02> been designated by the 

name of heta-orcin, Parmclia parietina yields also another new 
substance, namely, chrijsophanic acid^ which crystallises in fine 
golden-yellow scales, containing It is a very stable sub- 

stance, and may be sublimed without much decomposition. The 
same body is present in rhubarb, together with emaain, a principle 
closely resembling chrysophanic acid. 

Cochineal. — This is a little insect, the Coccus Cacti^ which 
lives on several s]>ecies of eactu.% found in warm climates, and cul- 
tivated for the purpose, as in Central America, The dried body 
oi the insect yiehls to water and alcoliol a magnificent red colour- 
ing matter, precipitablc )jy alumina and oxide of tin : carmine is a 
j)reparation of this kind. In cochineal the colouring matter is 
associated with several inorganic salts, esi)ecially phosidiates and 
nitrogenous substances. Dr. Warren De La Eue, who has pub- 
lished a very elaborate investigation of cochineal,* has separated 
the pure colouring matter, which lie calls carminic acid^ by the 
following process : — The aqueous decoction of the insect is preci- 
pitated by lea<l acetate, and the impure lead canninate washed and 
decomposed by hydrogen sultdiide : the colouring matter thus 
separated is again submitted to the same treatment. A solution 
of carminic acid is thus obtained, which is evaporated to dryness, 
redissolved in absolute alcohol, digested with crude lead car- 
minate, whereby a small (juantity of phosphoric acid is separated, 
and lastly, mixed with ether, wliich separates a trace of a nitro- 
genous substance. The residue now obtained on evaporation is 
pui*e carminic acid. It is a purple- brown mass, yielding a fine red 
powder, soluble in water and alcohol in all proportions, slightly 
soluble in ether. It is soluble without decomposition in concen- 
trated sulphuric acid, but readily attacked by chlorine, bromine, 
and iodine, which change its colour to yellow. It resists a tem- 
perature of 136 °, but is charred when heated more strongly. Car- 
minic acid is a feeble acid. The composition of the substance, 
dried at 120 °, is represented by (^\4Hi408, which formula is corro- 
borated by the analysis of a copper compound, 2C14H14O8.CUO. 

By the action of nitric acid upon carminic acid, there is formed, 
together with oxalic acid, a splendid nitrogenetted acid, called 
nitrococcusic acid^ ciystallising in yellow rhombic plates. This 
acid is bibasic: it contains CgH^NgOQ or C8H5(N02L03. It is 
soluble in cold, more so in boiling water, and readily soluble 
in alcohol and ether. Like all nitro-derivatives, it explodes when 
heated. 

The mother-li(j[uor from u^hich the carminic acid has been 
separated, contains tyrosine, C9HjiN03, a crystalline body pro- 

* Memoirs of the Chemical Society, vol. iii. p. 454. 
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dueed W the decompoaitioB of albuimnou® and gelatinoae sab- 
stances 965, 970)* 

On heating a solution of canmne in strong sulphuric acid to 
140^—160*^, and then pouring it into cold water, a brown pre- 
cipitate is formed, consisting essentially of rufiococciuj Cj^HigOg, 
which appears to be a derivative of dimethyl-anthracene having the 
compasition Ci 4 H 2 fCH 3 UOH) 4 (Og)'^. It is insoluble in water, but 
dissolves in alcohol with fine yellow fluorescence.* 

Madder. — The root of the Rubia tinctorum^ cultivated in 
southern France, the Levant, &c., is the most permanent and 
valuable of the red dye-stuflPs. In addition to several yellow colour- 
ing matters, which are of little importance for -he purr^oses of the 
dyer, madder contains two red jiigmenis, which ai*e called alizarin 
and jpurpurin. These substances have been the subject of very 
extensive researches by Debus, Higgins, Schunck, Wollf, Stmher, 
Graebe, Liebermann, and Perkin. 

Alizarij^”, — The amieous decoction of madder is pie- 

cipitated by sulphuric acid, and the precipitate washed and boiled 
with almninum chloride, whitdi dissolves the red pigments, an 
insoluble brownish residue remaining l>ehind. The solution, when 
mixed with hydrochloric acid, yields a precipitate consisting 
chiefly of alizarin — still, however, conlamiinatea with puipurin. 
The impure alizaiin thus obtained may be further purified by 
again throwing down the alcoholic solution with aluminum 
hydrate, and boiling the 2 >recii)itate with a concentrated solution 
of soda, which leaves a pure compound of alumina and alizarin 
behind. From this the alizarin is separated by hydrochloric acid 
and recrystallised from alcohol. Pure alizarin crystallises in 
splendid red prisms, which may be sublimed. It is but slightly 
soluble in water and in alcohol, but dissolves in concentrated 
sulphuric acid with a deep red colour. On addition of water, the 
colouring matter is rejjrecipitated unchanged. It is also soluble 
in alkaline liquids, to which it imi>arts a magnificent purple 
colour. It is insoluble in cold solution of alum. 

Alizarin is the chief colouring matter of madder : it is a 
feeble acid ; a few of its compounds with mineral oxides 
have been prepared. The action of nitric acid upon alizarin 
gives rise to the formation of oxalic acid and prithalic acid 
(p. 825) : 

C,4H804 + 2H2O + O40 - 3C2H2O4 + C8H3O4 

Alizarin. Phthulic acid. 

Alizarin, heated with zinc-dust (a mixture of metallic zinc, 
oxide, and hydrate) is cenveried into anthracene: 

* Liebermann and Van Dorp, Journal of the Chemical Society 12], 
ix. 912 ; X. 706. ^ ' 
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0 , 4 H «04 + Ziij + HgO = 6ZnO + C„Hio. 

On the other hand, as already explained (p. 777), alizarin may be 
prepared from anthracene by oxidising the anthracene to anthia- 
qidtione, CuH8(0^)", converting the latter into dibromanthra- 
quinune, and heating this compound with caustic potash or soda, 
llxe two atoms of bromine are then replaced by an equivalent 
quantity of hydroxyl, and alizarin is produced : 

‘JMHflBr2(02)^ + 2KOH = 2KBr + Cj4He(0H)2(02)" 

Dtbromantlira- Alizarin, 

qulnonc. 

This process, discovered by Graebe and Liebcrmann, yields 
alizarin identical in every respect with that obtained from madder ; 
but to carry it out on the manufacturing scale, it was necessary to 
find some reagent less costly than liromine for effecting the con- 
version of the anthraqiiinone. This great improvement has been 
made by Mr. Perkin, who has shown that anthraquinone, heated 
with sulphuric acid, is converted into disiilphaiithraquirionic 
acid : 

C„HA + 2SO3 = C,,H8 j . 

and that this acid, heated with potash to a temperature above 
180 ®, becomes coloured, and is convertctl into potassimn sulphite 
and the i^olassium-compound of alizarin : 

{ (?&), + «K0H- 2K,SO,+4H.O+ C..H. I 

which, when treated with hydrochloric acid, yields alizarin. 

PuRPuniN, C14H8O5. — Madder is allowed to ferment and then 
boiled with a strong solution of alum. The solution, when 
mixed witli sulphuric acid, yields a red precijutate, which is 
purified by recrystallisation from alcohol, Purpurin thus ob- 
tained crystallises in red needles. , When treated with nitric 
aci(l, pur})urin, like alizarin, furnishes oxalic and phthalic acids. 
Purpurin likewise contributes to the tinctorial properties of madder, 
but less so tlian alizarin. Together with alizarin and purpurin, 
several other substances occur in madder, aino^hg W'hich may be 
noticed an orange pigment, ruhiaciny convertible by oxidising 
agents into a j^eculiar acid, riibiitcic acidy a yellow pigment, ocanthiriy 
a bitter principle, ritbiany sugar, pectic acid, and several resins, &c. 

Oarancin is a colouring material which is produced by the action 
of sulphuric acid upon madder. This substance possesses a higher 
tinctorial power than madder itself. . 

The beautiful Turkey-red of cotton cloth is a madder colour : it 
is given by a verj^ complicated process, the theory of which is not 
yet perfectly elucidated. 
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Safflower. — The flowers of (hrthamu^ 'contain a 

yellow and a red colouring matter, the latter, which is alone used 
in dyeing, being insoluble in water, but soluble in alkaline Uquida. 
To extract the yellow substance, the flowers are exhausted with 
water acidulated with acetic acid, and the solution is mixed with 
Iftid acetate, and filtered from the dark-colourn'd impure precipitate. 
The lead-compound of the yellow pigment may then ne thi'own 
down by addition of ammonia and decomi>o8ed by sulphuric 
acid. In its purest form the yellow pigment constitutes a deep 
yellow, uncrystallisable, and very soluble su bstance, very prone 
to oxidation. In its lead-compound it has |)robal)iy the Com- 
position 0^4^24^13 • 

The ]>ortioii of the aniliainus insoluble in water is lu^essed and 
drieil, and sent into the market as saffloxcer^ Spaxiimh m/, or China 
cake. To extract the red matter, or carthamin, the safflower is 
treated with a dilute soliilion of so<Uum carbonate, jueces of cotton- 
wool are ininiersecl in the liquid, and acetic acid is gmduaJly 
added. The dried cotton is tlien dige.s<cd in a fresh quantify of 
llie alkaline solution, and the liquid supersiituiuied with citric 
acid, which throws down the carthamin in carmine-retl flocks. 
It forms, when pure and dry, an amori)hous, brilliant, green 
powder, nearly insoluble in water, but soluble in alcohol with 
splendid purple colour. It contains ^^4^1007 . 

}jm?:il-ivood and Lo<jv:ood give red and jmrple infusions, ^\•hich 
are largely used in dyeing : the colouring principle of logwood is 
termed heiruitoxylin^ and has been obtained in crystals, containing 
0jgHi40g . Acids brighten these colours, and alkalis render them 
])urple or blue. 

Among yellow dyes, qxiercitron barky fustic-wood^ and saffron may 
be mentioned, also turmeric: these all give yellow infusions to 
water, and furnish more or less permanent colours. 

Purree, or Indian yellow, a body of unknown origin, im- 
ported from India and China, and affording a fine, rich durable 
yellow colour, much used both in oil and water-colour paint- 
ing, is, according to the researches of Stenhousc and Erdmann, 
a compound of magnesia with a substance termed purrcic or 
euxanthic acid. The latter, when pure, crystallises in nearly 
colourless needles, sparingly soluble in cold water, and of 
sweetish bitter taste. It forms yellow compounds with the 
alkalis and earths, and is decomposed by heat, with produc- 
tion of a neutral crystalline sublimate, purrenone or enao- 
anthone, Purreic acid contains CgiH^gO,!, purrenone CgoHjgO^. 
By the action of chlorine, bromine, and nitric acid, a series ol 
substitution products are formed. 

Prangpilin, 0^11003, from Bliamnus frangulay has been already 
mentioned as a triatomic phenol (p. 8 D 9 ), 
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tforiadiji, CggHjoOu, is a jellow costal line colouring matter,’ 
occurring in |te root ot Motinda citrifolia, called Srnmjee in the 
East Indies. When heated it is converted into a beautiful 
crystalline body, morindone, containing C14H10O5. 

Aloe8.~Certain of the products of the action of nitric ^id 
upon aloes very much resemble some of the derivatives of indigo, 
without, however, it seems, being identical with them. Powdered 
aloes, heated for a considerable time with excess of moderately 
strong nitric acid, yields a deep red solution, which, on cooling, 
deposits a yellow crystalline mass. This, purified by suitable 
means, constitutes chrysammic acid: it crystallises in golden- 
yellow scales, which have a bitter taste, and aie but sparingly 
soluble in water. Its potassium-salt has a canuine-red tint, and 
exhibits a gi*een metallic lustre, like that of murexide. The 
formula of chrysammic acid is not perfectly established. Ac- 
cording to Stenhouse and Miiller,* it is probably C^H^NoOg 
or C,H2(N02)P2. Graebe and Liel)ermann,t on the other 
hand, regard clirysammic acid as tetranitro-dioxyanthraquinone, 
= Cj 4H2(N02)4(0H)2(O2)'''. Like picric acid, it yields 
chloropicrin when treatea with chloride of lime. The mother- 
lifjuor, from wliich the chrysammic acid has been deposited, con- 
tains a second acid, the chrysolepic, which also forms golden-yellow, 
sparingly soluble, scaly crystals. The potas.sium-salt forms .small 
yellow prisms, of little solubility. It explodes by heat. Chry- 
solepic acid is perhaps identical with picric acid. 

To these may be added the styphnic, or oxypicric add, pro- 
duced by the action of nitric acid of sp. gr. 1’2 upon assafatida 
and several other gum resins and extracts. Brazil-wood and 
purree, when treated with excess of nitric acid, likewise yield 
styphnic acid. It crystallises, when pure, in slender, yellowish- 
white prisms, sparingly soluble in water, readily dissolved in 
alcohol and ether. It has a purely astringent taste, and stains 
the skin yellow. By a gentle heat it melts, and on cooling 
becomes crystalline; suddenly and strongly heated it burns 
like gurrpowder. It also yields chloropicriir. The salts of 
this substance mostly crystallise in orange-yellow needles, and 
explode with great violence by heat. Styphnic acid contains 
CgHjNjOg, ie., picric acid -f 1 atom of oxygen. 

* .loiirnal of the Cliemical Society [2], iv. 319. 
t Zeitschril't fur Chemie [2], iv. 503. 
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Animal Chemistry, for the purpose of cleames , may be divided 
into the chemistry of separate substances entering into the com- 
position of the fluids and solids of animals, the chemistry of the 
complex animal fluids and textures, and the chemistry of the pro- 
cesses which take place in the animal Ixxly. This classification 
has a great many advantages, and in the following brief abstract 
the subject will be considered under these diiferent heads. 

Many substances which enter into the composition of the animal 
body have been described in the previous parts of this work — for 
example, water, carbonic acid, and calcium phosphate in the 
inorganic part ; urea, formic, uric, and hippuric acids in the 
organic part. 

Although animal chemistry has hitherto occupied the attention 
of nearly every great chemist, yet com^iaratively much remains to 
be done and to ^ undone. For example, the very different sub- 
stances which are included under the term jiroteids can scarcely 
yet be arranged accoi’ding to their percentage -composition, much 
less be represented truly by any formulae. The chemical com- 
position of the different organs and textures of the body, of the 
Drain or blood, for instance, or even of the liones, is ditterently 
given, according as this or that method of analysis is followed. 
The same may lie said of the secretions and excretions ; and these 
vary so much at different times, in different persona, and in dif- 
ferent classes of animals, that no single standard of comparison can 
be adopted ; but the highest and lowest limits of, composition for 
health and disease must be regarded, and not the mean of a num- 
ber of analyses. 

A still more difficult problem is presented to the chemist in the 
investigation of the processes which take place in the bodies of 
animals and vegetables. The solution of the food by the action of 
alkalis, acids, and ferments ; the nutrition of the organs by the 
blood ; the production of animal heat by the action of inspired 
oxygen ; and the removal from the body of the substances that 
have been used or are useless or injurious ; — these are questions 
which in future years will form the chief subjects of investigation 
in animal chemistry, whilst in vegetable chemistry the influence 
of sunlight in promoting the formation of the innumerable com- 
pounds of carbon will have to be deter^nined. 
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ON SEPARATE SUBSTANCES ENTERING INTO THE 
COMPOSITION OF THE FLUIDS AND SOLIDS. OF 
ANIMALS. 


ALBUMINOUS PRINCIP;,ES.— ALBUMINOIDS OR PROTEIDS. 

Although, in the present state of our knowledge, no chemical 
distinction exists between vegetable and animal substances, and 
although many mineral substances always exist in the fluids and 
solids of animals and vegetables, yet there is a class of substances 
which formerly were considered as exclusively animal, and of 
these we know so little that it is most convenient still to keep 
them distinct from other organic substances. They form the chief 
part of the solid constituents of the blood, muscles, nerves, glands, 
and other organs of animals, and they occur in small quantities in 
almost every part of vegetables. Their molecular weight and con- 
stitution are still unknown, and only sliglit differences exist in their 
percentage composition ; tlius : 


Carbon, 

62-7 

to 

54-5 

Hydrogen, 

6-9 


7-3 

Nitrogen, , 

15-4 


16-5 

Oxygen, . 

20-9 


23-5 

Sulphur, . 

0-8 


1-6 


These are the substances called albuminous principles, albu- 
minoids, or proteids. They are amorphous, more or less 
soluble in water, soluble in excess of acetic acid, more soluble in 
alkalis, almost insoluble in alcohol, and quite so in ether. Strong 
mineral acids dissolve all albuminous substances. The hydro- 
chloric acid solution is first blue, then violet, then brown. The 
nitric acid solution is yellow, and gives rise to xanthoproteic acid^ 
which dissolve%iii alkalis and ammonia with orange-red colour. 
Caustic alkalis decompose albuminous substances according to the 
temperature, giving rise to leucine, tyrosine, oxalic acid, C/arbonic 
acid, and ammonia. 

Proteids are precipitated from solutions ; 1. By excess of mineral 
acids, 2. By potassium ferrocyanide with acetic acid or a little 
hydrochloric acid. 3. By acetic acid, with a considerable quantity 
o^ concentrated solutions of neutral salts of alkalis and alkaline 
earths, gum arable, or dextrin. 4. When boiled with Millon\s 
reagent (n^ercuric nitrate),* they all give a deposit which turns 

♦ Prepared by gently warming mercury wiljti an equal ^quantity of strong 
nitric acid till it is dissolved, then diluting the liquid with twice its bulk 
^of water, and leaving the precipitate to settle. The clear supernatant 
liquid is Milloifs reagent. ^ 
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JJolarisation, they rotate the fight moie or 

Pix>teids may Ve conveniently divided into the following 
classes 

fJiiASs T. Albumins. — S oluble in water. 


1* Sexxun Albumin is the most; abundant albuminous sub- 
stance in animal bodies. It can be detained tolerably pure from 
blood-serum by precipitation with lead-acetate, washing with 
water, suspending the precipitated lead-compound in water, and 
decomposing it Avith carbonic acid ; then, by filtration, a veiy 
cloudy solution of albumin is obtained. 

Serum albumin forms a yellow, elastic, transparent substance, 
which when perfectly dry can be heated to 100° without change. 
It is soluble in Avater and precipitable by alcohol ; long continued 
action of alcohol changes it into coagulated albumin. Its specific 
rotation is — 56° for yellow light. It is not precipitated by car- 
bonic, acetic, tartaric, or phosphoric acid, or by other mineral acids, 
Avhen very dilute and added in small quantity ; large quantities 
of acid precipitate it immediately ; nitric acid acts most strongly. 
The precipitate with strong hydrochloric acid dissolves in an excess 
of acid ; and on adding water to this solution, a precipitate fonns, 
Avhich, after filtration and squeezing, dissolves in Avater, and has 
all the reactions of hydrochloride of syntonin ; caustic potash and 
soda-solution change the senim-albuiiiiu into com2)Ounds of albu- 
min with the alkali. 

Blood-serum heated below 72° or 73° coagulates into a compact 
mass. The fluid begins to be cloudy at 60°. Coagulation occurs 
at a lower temperature when very dilute phosphoric or acetic acid 
is added, or neutral salts in small quantity, and at a higher tem- 
perature with a very little sodium carbonate. 

Serum albumin is precipitated from its solutions by most of 
the salts of the heavy metals. When agitated with ether it does 
not coagulate. 

2, Egg Albumin differs from serum albunflfn by gradually 
giving a precipitate when agitated with ether ; oil of turpentine 
also coagulates this kind of albumin. Serum albumin dissolves 
easily in strong nitric acid, whilst egg albumin scarcely dissolves 
at all. When a solution of egg albumin is injected into the veins 
or under the skin of dogs or rabbits, the egg albumin passes un- 
changed into the urine, whilst serum albiunin, injected in the 
same way, does not pass into the urine at all. 

The specific rotation of egg albumin is — 35*5° for yellow light. 

When white of egg is thinly spread uj^on a plate and exposed 
to evaporation in a warm' place, it dries up to a pale-yellow, bril- 
liant, gura-like substance destitute of all traces of crystalline struc- 

* H o i>pe-s e y 1 e r. Handbuch der physiologisch-chetniscben Analyse. 
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ture. In this state it may be #reserved unchanged for any length 
of time, the presence of watei being in all cases necessary to pu&e- 
factive decomposition. The watery solutions of egg albumin and 
serum albumin coagulate at the same temperature under aimilnr 
circumstances. The existence of unoxidised sulphur in albumin 
is easily shown ; a boiled e^ blackens a silver spoon, from a toice 
of alkaline sulphide formed or separated during the coagulation ; 
and a solution of albumin in excess of caustic potash mixed with 
a little acetate of lead, giyes, on boiling, a black precipitate con- 
taining sulphide of lead. 

Class II. Globulins. — Insoluble in water, soluble in very 
dilute acids and alkalis, soluble in dilute (1 per cent.) solutions of 
sodium chloride and other neutral salts. 

1. Mj rosin. — This substance was first separated by Kiihne from 
other albuminous matters occurring in the protophisma or con- 
tractile muscular substance that causes the rigor mortis. To pre- 
pare it, well cut-up flesh is carefully washed with water, and the 
mass is then placed in a mixture of one volume of concentrated 
solution of common salt to two volumes of water ; these are con- 
tinually rubbed together and filtered through linen ; the slimy 
filtrate is allowed to drop into a large quantity of distilled water. 
The mjrosin is re- dissolved in solution of sodium chloride, and 
re-precipitated by much water. It is insoluble in water, soluble 
in solution of common salt under 10°, soluble in very dilute 
hydrochloric acid, but in this solution it passes by degrees into 
acid albumin or syntonin ; in dilute alkali, myosin, like other 
albuminous matter, is soluble, being changed into albuminate. 
By heat it is changed into coagulated albumin. It is also coagu- 
lated by alcohol. 

2. Globulin {Paraglohuliuy Paraglohin ). — When fresh blood- 
serum is diluted tenfold with water, and a brisk stream of carbonic 
acid passed through it, a fine granular precipitate is formed, which 
may be separated by decantation and filtration, and washed with 
water. The same substance may be prepared by saturating blood- 
serum with sodium chloride (or magnesium sulphate, &c.), as in 
the case of myosin. A certain amount of the salt always clings 
to the precipitate. 

Globulin is exceedingly soluble in dilute saline solutions (from 
which it may be precipitated unchanged by carbonic acid gas or 
exceedingly dilute acids). It is insoluble in water, but dissolves 
when the water is saturated with oxygen, and may be precipi- 
tated by carbonic acid. 

In excessiveljr dilute alkalis globuli^ dissolves without alter- 
ation ; in solutions containing about 1 per cent, of the alkali, it 
dissolves as albuminate. By dilute (fbids, however feeble, it is 
changed in solution into acid-albumin. Suspended in water and 
heated to 70°, it enters into the insoluble or coagulated state. 
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Globulin is present, not only in serum of blood, but also in 
aqueous humour, in the juice of the cornea, connective tissue, &c. 
Derived from the first of these sources, globulin is fibrino- 
plastic, i.e., it has the power of acting in concert with certain 
fluids (fibrinogenous) in such a manner as to give rise to fibrin 
(p*^960). The crystalline lens contains a substance which is 
not fibrinoplastic, but in many other respects closely resembles 
the globidin just described. According to Hoppe-Seyler, its solu- 
tions in neutral salines are not precipitated on saturation, in which 
respect they resemble those of vitellin. It has been proposed to 
restrict the name globulin to the less coagulable substance just 
mentioned, and to call the fibrino-plastic variety obtained from 
blood-serum, paraglobulin or paraglobin.* 

3. Fibrinogen. — When hydrocele fluid, pericardial fluid, or 
any other fluid capable of giving a clot with blood-serum or para- 
globulin, is treated by the method adopted for globulin, a similar 
substance is produced wliich resembles globulin in every respect 
except that the carbonic acid precipitate is more difficult to ob- 
tain and more flaky, and that the substance is more readily thrown 
down from the liqnids in which it is formed, by a mixture of alcohol 
and ether ; also by the fact that it is fibrinogenous, i.e., produces 
fibrin when mixed with fibrinopMstic globulin. 

4. Vitellin. — If the yolk of hen’s egg he treated with ether, 
most of the fatty and colouring matters contained in it are dis- 
solved, and there remains a white giunular body which is insoluble 
in W'ater, but readily soluble in neutral saline solutions. It is so 
much more soluble in these solutions than myosin that it filters 
easily, and is not precipitated by saturation with the salt. Otherwise 
it has the characters of myosin, hut is prolmbly a more complex 
substance. It is neither fibrinoplastic nor fibrinogenous. By the 
action of dilute acids or alkalis, like the other members of this 
dass, it is immediately converted on solution into a body belong- 
ing to the next Class (III). 

Class III. Derived Albumins.— Insoluble in water, and in 
solutions of sodium chloride ; soluble in dilute acids and alkalis. 

1. Acid-albumin. — If a small quantity of dilute acid (hydro- 
chloric or acetic) he added to serum- or egg-albumin, no precipi- 
tation or coagulation takes place, and on gradually raising the 
temperature of the mixture to 70°, it will be found that coagula- 
tion at that or at a higher temperature has been entirely prevented. 
At the same time the influence of the fluid on polarised light has 
been altered. The rotation to the left has become increased to 72°. 

On carefully neutralising the cooled mixture, the whole of the 
proteid matter is thrown down as a white, flocculent, frequently 
gelatinous precipitate. The action of the acid has converted the 
albumin soluble in water into a substance insoluble in water. The 
♦ KUhne. Lehrbuch der physiologischen Chemie. 
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precipitate is very readily soli le in excess of the alkali used for 
neutralisation, may be reprecipitaied by again neutralising with 
an acid, again redissolved by excess, and so on. It is also soluble 
in dilute solutions of alkaline carbonates. It is ipsoluble in 
sodium chloride solution, and maybe precipitated fr6iu its solu- 
tions by the addition of that salt. Suspended in water and headed 
to 70®, it enters into the coagulated or insoluble condition. 

All the globulins of Class II. are readily soluble in dilute acids ; 
but by the act of solution they are at once converted into acid- 
albumin, the precipitate formed by neutralisation being no longer 
soluble in neutral saline solutions. Thus the myosin of thoroughly 
washed muscle may be at once extracted by very dilute hydro- 
ciiloric acid (1 i)t. HCl in 1000 pts. of water), in the form of acid- 
albumin, long known as syntonin. No characters are at present 
known by which syntonin or acid-albumin derived from muscle 
can be distinguished from other forms of acid-albumin. 

Like the globulins, acid-albumin changes rapidly in character 
when left exposed to ordinary temperature. It becomes less and 
less soluble in dilute acids, requiring for solution a stronger acid 
or an increase of temperature. 

2. Alkali-Albumin, or Albuminate. Casein. — When albu- 
minous substances, egg- or setum- albumin, for example, are 
treated with dilute caustic alkali instead of acid, coagulation by 
heat is similarly prevented, and the whole of the* proteid may in 
like manner be thrown down on neutralisation. Some of the 
bodies thus produced agree well together, and cannot be distin- 
guished from the casein of milk, although most probably casein is 
not identical with artificial albuminate, and the bodies which are 
produced by the action of potash on different albuminous sub- 
stances may differ slightly one from the other, as is evident in the 
diffeience of their rotatory action on polarised light. 

Casein occurs most plentifully in the milk of animal feeders. In 
the fluids of the textures it has certainly not been found. lii the 
blood it is entirely absent, and it is rarely present in the fluid of 
cysts. It is best obtained from milk by precipitating with ciys- 
talline magnesium sulphate, filtering and washing with a concen- 
trated solution of salt, then dissolving the precipitate in water ; 
the butter is filtered off, and the clear solution precipitated by 
dilute acetic acid. 

For preparing potassium albuminate (also called pTotein\- any 
albuminous substance maybe used. Lieberkiihn directs egg all)umin 
to be stirred with an equal volume of water apd filtered ; the filtrate 
to be reduced to one-half in shallow vessels at 40®, and, after cool- 
ing, to be mixed with concentrated potash drop by drcm until the 
whole substance sets to a strong transparent jelly. This is cut 
into pieces of the size of a bean, and thAiwn into much distilled 
water ; after being stirred the water is poured off from the albu- 
minate. The washing is repeated as long as any alkaline reaction 
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remains. The purified albuminate is then dissolved in boiling 
water or spirits of wine, in which it ought to give a clear solution. 

An albuminate is more simply obtained by shaking milk with 
caustic soda and ether, pouring off the clear alkaline lower layer' 
of liquid, precipitating it with acetic acid, and washing it with water. 

Dried casein and albuminate are yellow, transparent, and 
hygroscopic, swelling up in water, but not dissolving. When 
precipitated in a flocky state, they dissolve easily in water if it 
contains a little alkali. The precipitate which forms on neutralis- 
ing the alkaline solution, dissolves easily in an excess of acetic 
acid or dilute hydrochloric acid. On the addition of an excess of 
mineral acid, or on neutralisation with an alkali, these solutions 
give a precipitate. 

The neutral or feebly alkaline albuminate, and casein in alkaline 
solution, are pmeipitated in the cold by alcohol : when hot they 
are dissolved. Albuminates are precipitated by copper sulphate, 
silver nitrate, and barium chloride. Lieberkiihn gives as their 
formula C 72 Hu 2 ll 2 ^i 802 :i^j where R denotes an atom of univalent 
metal. According to him, potassium albuminate has the same 
composition. Meissner says that by boiling casein continuously, 
lactic acid and creatine are formed. 

By fusion wdth potassium hydrate, casein yields valeric and 
butyric acids, l)esides other products. 

The most striking property of casein is its coagulability by 
certain animal membranes. This is well seen, in the process of 
cheesemaking, in jireparing the curd. A piece of the stomach of 
the calf, with its mucous membrane, is slightly washed, put into a 
large quantity of milk, and the whole slowly heated to about 53°. 
In a short time after this temperature has been attained, the milk 
is observed to separate into a solid, white coagulum, or mass of 
curd, and a yellowish, translucent licpiid called whey. The curcl 
contains all the casein of the milk, much of the fat, and much of 
the inorganic matter : the whey retains the milk-sugar and the 
soluble salts. It is just possible that this mysterious change may 
be really due to the formation of a little lactic acid from the milk- 
sugar, under the joint inlluence of a slowlv decomposing membrane 
and the elevated temperature, and that this acid may be sufficient 
in quantity to withdraw the alkali which bolds the casein in solu- 
tion, and thus occasion its i)recipilation in the insoluble state. 
The loss of weight the membrane itself suffers in this operation is 
very small : it has been found riot to exceed rg*(nr part. 

Casein differs greatly from albumin in the quantity of am- 
monia which it yields when oxidised with an alkaline solution 
of potassium permanganate, casein yielding only 6-5 p. c. ammonia, 
whereas albumin yields 10 p. c.* 

Class IV. — Fibrin.— -Insoluble in water ; sparingly soluble in 
dilute acids and alkalis, and in neutml saline solutions. 

♦ Wanklyii, Chem. Soc. J. [2], ix. 837. 
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This is the substance to which the clotting of blood is due. It 
may be obtained by washing blood-clots, or more readily by stir- 
ring with a bundle of twigs blood just shed, before it has had time 
to clot. The fibrin, which adheres in layers to the twigs, may 
then be stripped off and wasfied till perfectly white. The forma- 
tion of fibrin is due to the contact of fibrino-plasl ic and fibrogenoiis 
substance. When these two substances come into contact in any 
fluid, they combine, quickly or slowly, according to the greater or 
lesser quantity of each substance in the fluid, to form fibrin. 
The fluid coagulates either to a nmss of jelly, or, when very little 
is present, the fibrin forms in separate flocks. The coagulation 
takes place more quickly at a high temperature, more slowly at a 
low temperature. The temperature of the blood appears pecu- 
liarly adapted for quick coagulation, whereas at 0^ CL it is ex- 
tremely slow. In the living vessels the blood coagulates slowly ; 
by contact with foreign bodies coagulation occurs (piickly. Car- 
bonic acid protracts or prevents coagulation ; passing air through 
the liquid, or any other mode of agitation, hastens it. Free acids, 
for exam])]e, acetic, lactic, phosj^horic, ft,iid also free alkalis and 
their c{irbonates, stop lioagulation. 

Fibrin differs from all other solid proteids in having a filament- 
ous structure, and in possessing remarkable elasticity. It is 
insoluble in water at- ordinary temperatures, passing into solution 
only at very high temperatures, or after very great length of time, 
and then becoming totally changed in its characters. 

Treated with dilute hydrochloric acid, it swells up into a re- 
markably transparent mass, but resumes its natural appearance 
when the fluid is neutralised. At ordinary temperatures the 
fi])rin may remain subject to the action of the acid for days with- 
out sensibly passing into solution. At 50^^ to 60° it gradually 
dissolves, acid-albumin being formed. 

In dilute alkalis it swells up to a less extent, and is more soluble 
in these than in dilute acids. 

In neutral saline solutions (sodium chloride 5-10 p. c., potas- 
sium nitrate, &c.) it swells ux> to a viscid mass, ana gradually 
dissolves, the solutions being coagulated by heat, the product 
being apparently a body of the globulin class. 

Suspended in distilled water and heated to 70°, it shrinks, 
becomes more opaque, and loses its elasticity. Its solubilities are 
then identical with those of coagulated albumin. In the presence 
of an acid this coagulation takes place below 70° 

Class V. Coagulated Proteid. — Coagulated albumin is 
formed from albumin, syiitonin, fibrin, myosin, &c., by heating 
their neutral solutions to boiling, or by the action of alcohol. Egg 
albumin is also changed into coagulated f^bumin by strong hydro- 
chloric acid and by ether. The albuminates, and also casein, when 
precipitated by neutralisation, pass into coagulated albumin when 
heated. The coagulated albuminous substances are insoluble in 

3 P 
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water, alcohol, and other indifferent fluids, scarcely soluble in 
dilute potash, soluble with great difliculty in ammonia. In acetic 
acid they swell up, and ^adually dissolve. They are mostly 
insoluble in dilute hydrochloric acid; but when pepsin is also 
present at blood heat, they change first into syntonin, and then 
into peptone. They are tosolved by strong hydrochloric acid, 
and by caustic potash they are changed into albuminates. 

Class YI. Amyloid Substance or Lardacein. — In certain 
diseases there is deposited in the liver and elsewhere .a substance 
which, from its elementary composition, and from the nature of 
the products of its decomposition, appears to be a proteid, and 
yet possesses certain unusual features. According to C. Schmidt, 
Friedreich, and Kekuld, it is composed of 53*6 carbon, 7‘10 hydro- 
gen, 15*0 nitrogen, and 14*4 oxygen and sulphur. It differs 
from coagulated albumin only in being coloured reddish by 
iodine, and violet by sulphuric acid and iodine. It gives no 
trace of sugar when boiled with dilute sulphuric acid, but with 
caustic potash and acid it behaves exactly like an albuminous 
substance. Concentrated hydrochloric acid dissolves it, with 
formation of acid-albumin. When it is dissolved in caustic 
potash, a potassium albuminate is obtained. It may be formed at 
will by treating fibrin with very dilute hydrochloric acid, and 
evaporating the solution to diyness in a water-bath. An impure 
amyloid substance may be obtained from any gland much infil- 
trated with the substance, as, for example, the liver, by dividing 
it and removing the vessels, and extracting the bUe substances with 
cold water. It is then boiled for some time with water to remove 
the cellular tissue, and the residue is treated with boiling alcohol 
and ether to dissolve the fat and cholesterin. The residual mass 
consists chiefly of amyloid substance characterised by the iodine 
reaction. 

Class VII. Peptones. — By the action of the acid gastric juice, 
all albuminous substances are changed into bodies called peptones. 
These are found only in the stomach and in the contents of the small 
intestines. They can no longer be detected in the chyle. They 
are highly diffusible, easily soluble in water, insoluble in alcohol 
or ether; but alcohol separates them with difficulty from the 
watery solution ; when precipitated they remain unchanged even 
after boiling. They are not precipitated either by acids or by 
alkalis. Acetic acid and potassimn ferrocyanide give no precipi- 
tate ; but corrosive sublimate and lead acetate with ammonia give 
precipitates. 

The reactions of the several proteids above described may be 
tabulated as follows : — 
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Soluble in water : 

Aqueous solutions not coagulated by boiling, Peptones. 
Aqueous solutions coagulated by boiling, . Albumins. 


Insoluble in water : 

Soluble in a 1 p. c. solution of sodium chloride, Globulins. 
Insoluble : „ „ • 

Soluble in hydrochloric acid (0*1 p. c.) in 
the cold : 


Soluble in hot spirit. 

Insoluble in hot spirit, . 

Insoluble in hydrochloric acid (0*1 p. c.) in 
the cold: 

Soluble in hydrochloric acid (0*1 p. c.) ) 

at 60^, 5 

Insoluble in hydrochloric acid (0*1 p. c.) 
at 60° ; insoluble in strong acids : 


Soluble in gastric juice, 
Insoluble in gastric juice, . 


Alkali- 

albumin. 

Acid- 

albumin. 


Fibrin. 


Coagulated 

albumin. 

Amyloid. 


Of the following bodies our knowledge is too incomplete to 
liemiit of any definite statement : 

Meta-peptone. Dyspeptone. — Products observed by Meissner to 
occur in varying quantities in digestion experiments. The para- 
petone of the same author seems to be nothing more than acid- 
albumin. 

Metalbumin. — Observed by Scherer in a dropsical fluid. Preci- 
pitated by alcohol, but not coagulated ; solution hardly coagulated 
by boiling; not precipitated by acetic or hydrochloric acid, or by 
acetic acid and potassium ferrocyanide. 

Paralbumin, — A substance obtained by Scherer from ovarian 
cysts. The alkaline solutions are extremely ropy. It differs 
widely from protekls in ^elementary composition (C 51*8, H 6*9, 
N 12*8, O 26*8, S 1*7), and besides contains, or is associated with, 
a body resembling glycogen, and cajiable of conversion into a 
substance with many of the reactions of sugar. 


Substances related to the Proteids. 

Haemoglobin, 54*2 oxygen, 7*2 hydrogen, 0*42 iron, 16*0 nitro- 
gen, 21*5 oxygen, and 0*7 sulphur; also called Hcematoglobulin 
and Hcematocrystallin, — This substamce forms the chief part of the 
red globules of the blood of vertebrata ; usually it is obtained in 
an amorphous condition, but from the bWod of some animals — as, 
for example, dogs, cats, rats, mice, and many fish — it can be 
separated in the crystalline form. Red crystals can be obtained 
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from dog’s blood by mixing the defibrinated blood with an ec^ual 
quantity of water and adding one volume of alcohol to tour 
volumes of the diluted blood, and leaving it to stand at 0® C., or 
lower. After twenty -four hours the crystals are filtered off, 
squeezed, and dissolved in the least possible quantity of water at 
2^® to 30^ C. This solution is again mixed with one-fourth its 
volume of alcohol, and the re-crystallisation is repeated manv 
times. In different animals differently formed crystals are found. 
In the guinea-pig they are tetrahedrons ; in the squirrel, six-sided 
tables; in the goose, rhombic four-sided or six-sided tuldes; in 
dogs and cats, long four-sided prisms. In a vacuum over sul- 
phuric aci<l they lose water of crystallisation and change into a 
bright brick-red mass. The cryshils which form when the air has 
access to ihenx also contain oxygen loosely combined; the more 
moist they are the more oxygen they contain. This they lose 
when warmed in a vacuum ; by exposure over sulphuric acid a 

J iortion of the oxygen escapes. The crystals dissolve in water with 
ifficiilty ; the saturated solution at 5° contains 2 per cent, hiemo- 
globin, but by increase of temperature the solul)ility is consider- 
ably increased. In feebly alkaline liquids, as in blood-serum, the 
crystals are much more soluble. 

These solutions have a very beautiful blood-red colour, and 
absorb the light from the commencement of the red to three- 
fourths of the section of the spectrum betw'een the lines O and 1) 
in the solar spectrum. The part of the spectrum lying about the 
line D of this space between C and D is much more strongly 
absorbed than the rest. If the oxygen is expelled from the solu- 
tion by carbonic acid or hydrogen, the liquid then absorbs the 
light most beyond D ; the rest of the light is more strongly 
absorbed than it is by the hsomoglobin solution which contains 
oxygen ; and even the light between A and B is more strongly 
absorbed by solutions which contain no oxygen than by those 
which contain it. The change of colour and transparency of the 
blood and blood-solutions when they pass from the venous con- 
dition into one contaiTiing more oxygen, and vice versdj depend, 
without doubt, on these optical properties. The fresli blood taken 
from a vein of an animal shows clearly strong absorption of light 
from B to beyond C in the spectrum, and this disappears when 
the blood is agitated with air. 

When a concentrated solution of hgemoglobin is diluted with 
water, it rapidly increases in transparency up to the line D ; by 
further dilution the spectrum extends beyond F, whilst at the 
same time, between D and E a green-yellow streak appears. The 
band lying nearest to D is darker and more sharply bounded than 
the other, and ultimately disappears by continued dilution a little 
later than the other bind; the appearance of these bands is 
influenced by the combi?iation of oxygen with the haemoglobin. 
For if a tolerably dilute blood solution is allowed to stand some 
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time, or if such a solution is warmed in a water-bath above 60®, 
or if to a blood solution, or a pure solution of hjoinoglobin, a few 
drops of animoiiium sulpliid or of an aminoniacal solution of 
zinc tartrate l)e added, the arterial colour of the solution gradually 
vanishes, and by examination in the spectrum, in the place 
between these two bands, there is seen a broader ill-definad 
absorption-band, about in the middle between D and E ; at the 
same time the blue shows that it is less absorbed tlian by blood 
containing oxygen. The venous blood of animals does not show 
this ])ro2ierty clearly when it is taken from the animal ; but ani- 
mals that have died asphyxiated do show this change in the blood. 
Jf a solution of ha3moglobin, or of blood, from which the oxygen 
has been taken away, is shaken with atmospheric air, the two 
absorj)tion-bands of the hajmoglobin containing oxygen again 
appear, and the oxygen must be chemically combined with the 
haemoglobin, for it is not removed by nitric oxide gas. 

Dilute solutions of haemoglobin may be heated to 70® or 80® C. 
for a short time without marked change, but when the heat is 
continued the haemoglobin splits into haematin and coagulated 
albumin, with marked change of colour and coagulation. Alcohol 
causes the same decomposition. Generally no substance is known 
which cum precipitate hajinoglobin without at the same time 
destroying it ; alkalis, and more readily acids, cause it to split 
without first precipitating it; this occurs the more readily the 
more concentrated the alkali or acid is, or the ^eaterthe quantity 
of it used, and tlie more concentrated the solution of hajinoglobin, 
or the higher the tempemture. Haemoglobin, in a dilute solution 
at ordinary temperature, is not decomposed by carbonated alkalis. 
A feebly alkaline solution is more permanent than a neutral solu- 
tion ; the feeblest acids, even carbonic acid, decompose hgemo- 
globin ; hydrogen sulphide does not act on haemoglobin when it 
contains no oxygen, but on oxyhaemoglobin it acts, causing the 
separation of sulphur and of an albuminous substance. Carbon 
monoxide passed into a solution of oxyhaemoglobin drives the 
oxygen out, and forms a compound of carbon monoxide and haemo- 
globin. It also combines with haemoglobin free from oxygen. 

MetahmwAXjlohin^ so named by Hoppe, may be a mixture of 
haematin and an easily soluble albuminous matter. It has been 
found in old extravasations of blood, in the brown fluid from the 
ovaries, in strumous cysts, hydrocele, &c., or when a solution of 
haemoglobin is long kei^t. Even when a solution of haemoglobin 
is filtered, that which is sucked up by the edge of the filter passes 
into metahoemoglobin. Ozone has the same action. • A solution 
of metahoemoglobin has a manifestly acid reaction arising from 
volatile acids (butyric and formic), produced by changes in the 
haemoglobin. The optical properties *of metahoemo^obin are 
similar to those of solutions of haematin in acids, alcohol, and 
ether. 
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Heematin, occurs in the body os a product 

of the decomposition of noemoglobiu in old extravasations ; after 
hajmortha^e into the stomach it may be found in the feeces. It 
is obtained pure by dissolving the compound with hydrochloric 
acid ill ammonia, evaporating to dryness, and heating the residue 
t(^ 130® C. The ammonium chloride is extracted with water, and 
the residue dried at 130®. It gives 12*8 per cent, of iron oxide as 
a residue when burnt, and is insoluble in water, alcohol, ether, 
and chloroform. In ammoniacal solutions it is soluble. It com- 
bines with alkalis and acids : by boiling with dilute nitric acid it 
loses its colour, and is decomposed. Cmorine passed into an alka- 
line solution decomposes it very rapidly. 

HcBmatin Hydrochloride or Hcemiriy 102^12^^3^18* 2HC1, 
is obtained in regular crystals by treating hsemogtobin or meta- 
hsemoglobin with common salt and strong acetic acid. The de- 
fibrinated blood of some animal is diluted w’ith once or twice its 
volume of water, and lead acetate is added as long as a precipitate 
falls. The blood is then filtered, and the excess of lead removed 
from the filtrate by sodium carbonate, again filtered, and the clear 
solution is evaporated over sulphuric acid. The residue is 
powdered and rubbed with from 15 to 20 times its weight of com- 
mercial glacial acetic acid, to which a little common salt is added. 
The brown mixture is heated in a W’at(*T-bath, and frequently 
shaken for an hour or two until all is dissolved. About five times 
the volume of pure water is then added, and it is left to stand for 
a week in an even temperature. The liquid is then poured off 
from the crystals ; these are again boiled with glacial acetic acid ; 
a great mass of water is then added, and the precipitate is allowed 
to settle, separated, well washed, again allowed to deposit, and 
then dried in a water-bath. The crystals are mostly thin rhoinbic 
plates of dark-blue colour, and dirty-brown by transmitted light. 
From the name of their discoverer they are called Teichmann^s 
Hcemin crystals. They are perfectly insoluble in water, alcohol, 
and ether. They are soluble in acids and alkalis, but only in 
acetic and hydrochloric acids without decomposition. They may 
l>e heated to 130® without decomposition : at red heat they do not 
swell up, but burn, leaving pure oxide of iron. 

Mucin, containing 52*2 carbon, 7*0 hydrogen, 12*6 nitrogen, and 
28*2 oxygen, usually called mucus, may be prepared from filtered 
ox-gall by precipitating it with alcohol, washing with dilute alco- 
hol, dissolving in water, and precipitating by acetic acid. It 
cannot be perfectly purified from biliary colouring matter. It 
may be obtained more pure from the salivary glands by solution 
in water and precipitation by acetic acid. Mucin swells up in 
water, and by sufficient dilution it can be filtered. It is precipit- 
able by alcohol in excess ; rfso by acetic acid, and is not soluble 
in an excess of the precipitant; also by nitric, hydrochloric, 
and sulphuric acids, in an excess of which it is soluble. It is 
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not precipitated bjr mercuric chloride, lead acetate, or potassium 
ferrocyanide. It is not coagulable by boiling ; when thoroughly 
dried, it merely swells in water to a thick mass, ^ 

Pyin is said often to occur in pus ; but normal pus contains 
neither pyin nor mucin. It is precipi table by acetic acid, and this 
precipitate is not soluble in an excess of acid, whilst the precipi- 
tates with nitric and hydrochloric acids are so ; a solution of pyin 
in hydrochloric acid is not precipitable by a solution of potassium 
ferrocyanide. It is distinguishable from mucin only by being 
precipitable by mercuric chloride and lead acetate. The preci- 
tate which forms in the serum of healthy pus on the addition of 
acetic acid is soluble in a solution of common salt, and consists of 
albumin. 

Pepsin is the albuminous constituent of the gastric juice, which 
effects the conversion of albuminous substances into peptones. It 
has not yet been perfectly isolateil ; it reseml>les mucin, and is 
precijutated by lead acetate, and by alcohol ; according to Briicke’s 
observation it is also carried down from its solution when any fine 
granular precipitate is produced. Briicke's method has also been 
used for isolating other substances resembling pepsin. For this 
purpose fresh-formed calcium phosphate or cholesterin is dissolved 
in 4 parts alcohol and 1 ether, or even animal charcoal or milk of 
sulphur may be used. The pepsin may thus be obtained dissolved 
in water, and the solution, when mixed with very dilute hydro- 
chloric acid, changes albumin into peptone. 

Sugar-forming: Ferments in Saliva and Pancreatic Fluid 

have also been separated by addition of dilute phosphoric acid, 
and subsequent neutralisation afterwards by lime-water and by 
ethereal solutions of cholesterin. They can be dissolved in water, 
and precipitated by absolute alcohol. They can be dried at ordi- 
nary temperatures without decomposition. If heated to 100% they 
lose their power of acting upon starch. When boiled with nitric 
acid, and mixed with an excess of ammonia, the solution remains 
colourless. 

Gelatin and Chondrin. — Animat membranes, skin, tendons, 
and even bones, dissolve in water at a high temperature more or 
less completely, but with very different degrees of facility, giving 
solutions which on cooling acquire a soft-solid, tremulous con- 
sistence. The substance so produced is called gelatin: it does not 
pre-exist in the animal system, but is generated from the mem- 
oranous tissue by the action of hot water. The jqJLly of calves’ 
feet, and common size and glue, are familiar examples of gelatin 
in different conditions of purity. Isinglass, the dried swimming- 
bladder of the sturgeon, dissolves in •water merely warm, and 
yields a beautifully pure gelatin. In this state it is white and 
opalescent, or translucent, quite insipid and inodorous, insoluble 
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in cold water, but readily dissolving by a slight elevation of tem- 
perature. Cut into slices and exposed to a current of dry air, it 
shrinks prodigiously in volume, and becomes a tmnsparent, glassy, 
brittle mass, which is soluble in warm water, but insoluble in 
alcohol and ether. By dry distillation a watery liquid is produced, 
containing much ammonium carbonate, and a thick brown oil, 
in 'which, besides ammonium carbonate, ammonium sulphide, 
ammonium cyanide, and neutral oily bodies, various basic sub- 
stances exist, as aniline, picoline, methylamine, trimethylamine, 
buiylamine, and probably many others. In the dry state gelatin 
may be kej)t indefinitely ; in contact with water, it becomes acid, 
loses the j)roperty of gelatinising, and putrefies. Long-continued 
boiling gradually alters it, and the solution loses the power of 
forming a jelly on cooling. 1 part of dry gelatin or isinglass 
dissolved in 100 parts of water solidifies on cooling. 

An acjueous solution of gelatin is precipitated by alcohol, 
which withdraws the water : corrosive sublimate in excess gives a 
white flocculent precipitate, and the same happens with solution 
of mercurous and mercuric nitrate: neither alum, neutral lead 
acetate, nor basic lead acetate affects a solution of gelatin. With 
tannic acid or infusion of galls, gelatin gives a copious, whitish, 
curdy preci])itate, which coheres on stirring to an elastic mass, 
quite insoluble in water, and incapable of putrefaction. 

Tannic acid is the only acid that gives a precipitate with a 
solution of gelatin. It does so even when the solution is exceed- 
ingly dilute. 

Chlorine i)assed into a solution of gelatin occasions a dense white 
precipitate of chlorite of gelatin^ Avhich envelopes each gas-bubble, 
and ullfmately forms a tough, elastic, pearly mass, somewhat 
resembling fibrin. Boiling with strong alkalis converts gelatin, 
with evolution of ammonia, into leucine and glycocine. This 
last-mentioned substance, also called glycocol^ Avas first formed by 
the action r»f cold concentrated sulphuric acid upon gelatin, and 
has lately been obtained by the action of acids upon hippuric acid, 
which is thereby resolved into benzoic acid and glycocine (see 
page 81fi). 

A dilute solution of gelatiiij distilled with a mixture of potassium 
bichromate and sulphuric acid, yields acetic, valeric, benzoic, and 
hydrocyanic acids, together with valeronitrile^ or butyl cyanide, 
CgHgN, and valeracetonitrile^ C26H4gN40g . The former is a thin 
colourless liquid, of aromatic odour, like that of salicylol: it 
is lighter than water, and boils at 125°. The latter much re- 
sembles the first, but boils at 70°. Alkalis convert valeronitrile 
into valeric acid and ammonia, and valeracetonitrile into valeric 
acid, acetic acid, and ammonia. Valeracetonitrile contains the 
elements of 4 molecules of valeronitrile and 3 molecules of acetic 
acid: 


^ 26 ^ 48 ^ 4^6 


4 C,HgN + 3C2H4O2. 
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Dry gelatin contains in 100 parts, 50-06 carbon, 6-47 hydrogen, 
18-35 nitrogen, and 25-13 oxygen. 

The cartilage of the ribs and joints yields a gelatin differing in 
some respects from the prec . ding : it is called, by way of distinc- 
tion, chondrin. It is less soluble in boiling water than gelatin. 
It is precipitated from its solution by acetic acid, and is not soluble 
in an excess of acid. Other acids in very small quantity preci- 
pitate chondrin, but the slightest excess redissolves the ju'ecipitate. 
Acetate of lead and solution of alum also precipitate this substance. 
These reactions distinguish chondrin from gelatin. Scherer 
gives, as the elenxentary composition of chondrin, 50-75 carbon, 
6*90 hydrogen, 14-70 nitrogen, and 27*65 oxygen. The doubt- 
ful formuliu and C 24 H 4 oN^O|o, have been assigned 

to it. 

If a solution of gelatin, albumin, fibrin, casein, or probably any 
one of the more complex azotised animal ]>rincij)les, be mixed with 
solution of cupric sulphate, and then a large excess of caustic pot- 
ash added, the greenish precipitate first formed is redissolved, and 
the li<iuid acquires a deej) and beautiful purple tint. 

CJelatin is largely employed as an article of food, as in soups, &c. ; 
but its value in this res])ect has been perhaps overrated. In the 
useful arts size and glue are consumed in great (juantities. These 
are prepared from the clijqnngs of hides, and other similar matters 
enclosed in a net, and boiled with water in a large caldron. The 
strained solution gelatinises on cooling, and constitutes size. Glue 
is the same substance in a state of desiccation, the size being cut 
into slices and placed upon nettings freely exposed to a current of 
air. Gelatin is extracted from bones with much greater difficulty ; 
the best method of proceeding is said to be to enclose the bones, 
previously crushed in strong metallic cylinders, aii<l admit high- 
j)ressure steam, which attacha and dissolves the animal matter 
much more easily than boiling water ; or, to steep the bones in 
dilute hydrochloric acid, thereby removing the earthy phosphate, 
and then dissolve the soft and flexible resiclue by boiling. 

There is an important economical application of gelatin, or 
rather of the material which produces it., which deserves notice 
— viz., to the clarifying of Munes and beer from the finely divided 
and suspended matter which often renders these liquids muddy 
and unsightly. When isinglass is digested in veiy dilute cold 
acetic acid, as sour wine and beer, it softens, swells, and assumes 
the asj^ect of a very light transparent jelly, wdiich, although quite 
insoluble in the cold, may be readily mixed with a large quantity 
of watery liquid. Such a preparation, technically cillled finings^ 
is sometimes used by brewers and wine-merchants for the purpose 
before mentioned ; its action on the liquor with which it is mixed 
seems to be purely mechanical, the gelafinous matter slowly sub- 
siding to the bottom of the cask, and carrying with it the insoluble 
substance to w-hich the turbidity was due. 
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Homy Hatter; Mastin (55-5 carbon, 7*4 hydrogen, 16 7 
nitrogen, and 20*5 oxygen). — ^This substance is prepared by boil- 
ing the ligamentum nuchce of cattle with alcohol, ether, water, 
concentrated acetic acid, and dilute caustic soda. It has* a yellow 
colour when moist, is extensible, but becomes brittle after drying. 
It is perfectly insoluble in cold or boiling water, also in ammonia, 
acetic acid, or alcohol. In a concentrated solution of potash it is 
dissolved, and at the same time decomposed. The solution is not 
precipitated by acids, only with tannic acid the neutral solution 
gives a precipitate. When boiled with sulphuric acid it is decom- 
posed, with formation of leucine. 

Keratin. — Hair, nails, horn, feathers, epidermis, and epithe- 
lium boiled with ether, alcohol, water, and dilate acid, yield 
residual substances which do not aOTee well in their analysis, and 
therefore probably are not rightly classed under one name. These 
bodies swell but little in water, but are very hygroscopic when 
dry. By continual boiling in water at 150*^ they partially 
decompose. A milky liquid forms, and sulphuretted hydrogen 
escapes. If the solution is evaporated to dryness, a residue in- 
soluble in water remains. In acetic acid these substances swell 
up more than in water, without materially altering in texture ; in 
concentrated acetic acid they dissolve at the boiling heat ; and 
when boiled with sulphuric acid, they give leucine, and about 
4 per cent, of tyrosine. They swell up in caustic potash, and 
with difficulty in a solution of potassium carbonate, and dis- 
solve when heated. The alkaline solutions evolve sulphuretted 
hydrogen on addition of acids. 

Fibrom, 48*6 carbon, 6'5 hydrogen, 17*3 nitrogen, and 27*6 
oxygen. — This substance dissolves in concentrated . acids and 
alkalis and in ammoniacal cupric solution, but not in ammonia : 
the solutions give precipitates when neutralised. By boiling with 
dilute sulphuric acid fibroin yields leucine and 5 per cent, of 
tyrosine. 

Spongin is obtained from sponge by treating it with ether, 
alcohol, hydrochloric acid, and 5 per cent, soda-ley. It closely 
agrees in composition with fibroin, but when boiled with sulphuric 
acid does not yield tyrosine, but glycocine and leucine. 

Conchiolin forms the greater part of the organic basis of 
mussel-shells. It is insoluble in water, alcohol, acetic acid, dilute 
mineral acid, and potash-ley. It contains 16 or 17 per cent, of 
nitrogen, aiyi when boiled with sulphuric acid, gives only leucine, 
no tyrosine, glycocine, or sugar. 

Chitin, CjjHjoNO^, from the skeleton of insects and Crustacea, 
is best prepared by boiling the elytra of the cockchafer with 
alkalis, water, acetic acid, alcohol, and ether. It yields glucose 
when dissolved in sulphuric acid (p. 640). 
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Protagon and Nenrine.— Protagon is the name given by 
Liebreich to a phosphoretted fatty substance, which forms the 
chief constituent of the nervous substance in the nervous centres 
and peripheral nerves, and most likely occurs also in oil of eggs, 
in pus-cells, in white blood-cells, and in semen ; but at present it 
has been obtained pure only from the brain, which must be fseed 
as much ^ possible from blood and extraneous tissues. The 
emulsion is agitated with water, and poured into a flask : much 
ether is poured on it, and after constant shaking at 29 % it is 
allowed to stand for some time and at the same temperature. 
The ether is poured off, filtered, and the solution is cooled from 
0° to -10^, filtered at this low temperature, and washed out with 
cold ether until no more cholesterin is extracted by the ether. 
The residue is dried over sulphuric acid, dissolved in alcohol of 
80 per cent, at 40 % to form a not too concentrated solution, and 
then it is allowed to cool slowly in a water-bath. The protagon 
crystallises out in bundles of fine needles. It is colourless and 
without smell, scarcely soluble in pure ether, easily in warm spirit 
of wine, very easily in fatty and ethereal oils, and very easily also 
in warm ethereal solutions of fat. In water it swells up to an 
opalescent white mass like a decoction of starch, and in concen- 
trated solutions forms a firm paste. When heated in alcohol, more 
especially in absolute alcohol, above to 60 ^^, it decomposes with 
separation of oily drops. When boiled with strong baryta- water, 
the protagon by degrees decomposes into glycerin, phosphoric 
acid, stearic acid, and a third crystalline noii-nitrogenous acid 
which has not been thoroughly investigated, but forms lejid- salts 
soluble in ether ; in addition to these acids, leucine is formed, 
which is a strong base, 

Neubine, C5H15NO, or C5Hi4N(OH), was obtained by Liebreich 
by boiling protagon continuously with baryta-water, precipitating 
the baryta with carbonic acid, evaporating the filtrate to a very 
small volume, precipitating with absolute alcohol, evaporating the 
filtered alcoholic extract to a syrup, again dissolving it in absolute 
alcohol, and precipitating the concentrated solution in alcohol with 
platinic chloride. The double platinum-salt, (C5H,4NCl)2.PtCl4, 
IS easily soluble in water, and crystallises in thin large rhombic 
tables of a yellow colour. It is not altogether insoluble in alcohol. 
Solutions of neurine react very strongly alkaline, even after car- 
bonic acid has long been passed into them. The solution of the 
base in absolute alcohol becomes thick when carbonic acid is 
passed into it; carbonate of neurine with an alk£jjine reaction 
then forms. This salt is decomposed with effervescence by strong 
acids. The neurine is formed out of protagon by simple splitting 
of the latter into glycerin, phosphoric* acid, &c. Its formation 
is not attended with evolution of ammonia, tfie neurine taking 
all the nitrogen of the protagon. Baeyer has lately shown 
that neurine is the hydrate of trimethyl -oxethyl- ammonium, 
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j Wurtz has produced it synthetically by 

heating tnmethylamine with glycolic chlorhydrin, (C 2 H 4 )''C 1 ( 0 H), 
whereby the chloride.of neurine is obtained : 

.(CH,),N + C,H,Cl(OH) = 

and decomposing this chloride with moist silver oxide. 

Inosinic Acid, C.H3N20„(?), found by Liebig in the flesh 
of some warm-blooded animals, has not yet been obtained in 
crystals, but as a syrup which becomes solid in alcohol. It dis- 
solves easily in water, reildens litmus strongly, tastes jdeasantly 
like soup, and partly ilecomposes by boiling. Its salts, even those 
of the alkalis, are crystalline. The alkjiline salts are soluble in 
water. The cojiper ami silver-salts form amorphous, insoluble, or 
almost insoluble jnecipitates. In alcohol and ether the inosinic 
salts are not soluble. 

Chlorohodic Acid, obtained by Boedecker from pus by extrac- 
tion with ether, alcohol, and water, precipitation witli lead acetate, 
decomposition by hydrogen sulphide, ana extraction with absolute 
alcohol, forms fine microscopic needles. The acid dissolves easily 
in water or alcohol, but not in ether. It will not sublime, melts 
when heated, and burns, emitting the smell of horn. In its 
watery solutions, stannous chloride, mercuric chloride, and mer- 
curic nitrate cause a white precipitate. So also does tannin. 
Iodine gives a light yellow precipitate. Chlorine-water in dilute 
solutions gives a rose-n^d colour ; dark-red in concentrated 
solutions. 

Excretin, C-gHugOgS, according to Marcet. — Alcoholic extract 
of human faeces is precipitated with lime, and exhausted with 
alcohol and ether, and the solution left at a sufficiently low tem- 
perature to crystallise. It melts at 92® to 96°, is soluble in water, 
and in warm alcohol or ether, almost insoluble in cold alcohol. 
The solutions have a neutral reaction. Neither boiling caustic 
potash nor dilute acids attack it. Nitric acid easily decomposes it. 

Excretolic Acid is the name given by Marcet to a mixture of 
fatty acids, &c., which are precipitated from the alcoholic extract 
of excrement by lime. 
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THE ANIMAL FLUIDS. 

BLOOD, URINE, SWEAT, SALIVA, GASTRIC JUICE, BILE, CHYLE, 
MUCUS, PUS, MILK. 

Blood. — The blood is the general circulating fluid of the 
animal body, the source of all nutriment and growth, and the 
general material from which all the secretions, however much 
i.iiey may differ in properties and composition, are derived. Food 
or ncmrishment from without can only be made availalde by first 
passing through the blood. It serves also the scarcely less im- 
portant office of removing and carrying off from the l^ody prin- 
ciples which are hurtful, or no longer required. 

In all vertebrated animals the blood has a red colour, and pro- 
bably in all cases a temperature above that of the medium in 
which the creature lives. In the mammalia this is very apparent, 
and in the birds still more so. The heat of the blood is directly 
connected with the degree of activity of the respiratory process. 
In man the temperature of the blood sehlom varies much from 
36'6° C. (98° F.), when in a state of health, even under great 
vicissitudes of climate : in birds it is sometimes as high as 42*8° C. 
(109° F.). To these two highest classes of the animal kingdom, 
the mainmifers and the birds, the observations about to be made 
are intended especially to apply. 

In every creature of this description two kinds of blood are met 
with, which differ very considerably in their appearance, viz.., that 
contained in the left side of the heart and in the arteries generally, 
and that contained in the right side of the heart and in tlie veins ; 
the former, or arterial blood, has a bright-red colour, the latter, 
the venous blood, is blackish-purple. The conversion of the dark 
into the florid blood may be traced to what takes ]>lace during its 
exposure to the air in the lungs, and the opposite change, to what 
takes place in the capillaries of the general vascular system, or the 
minute tubes or passages, distributed in countless numbers through- 
out the whole body, which connect the extremities of the arteries 
and veins. When compared together, little difference of properties 
or composition can be lound in the two kinds of blood ; the haBmo- 
globin of arterial blood is found by spectrum analysis to difler 
from the hoBmoglobin of venous blood fp. 964). The difference 
in the interference bands is caused by the conibination of 
oxygen with haemoglobin in the arteries and its deoxidation in 
the veins. The fibrin varies a little, that from venous blood 
being soluble in a solution of potassftim nitrate, which is not 
the case with arterial fibrin. It is, besides, very prone to absorb 
oxygen, and to become, in all probability, partly changed to a 
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higher oxygen-compound of fibrin. The only other notable point 
of difference is in the gaseous matter the blood holds in solution, 
carbonic acid predominating in the venous, and free oxygen in the 
arterial variety. 

In its ordinary state the blood has a slimy feel, a density vary- 
inj^from 1*053 to 1*057, and a decidedly alkaline reaction, partly 
from soda combined with albumin, and partly from sodium car- 
bonate and phosphate ; it has a saline and disagreeable taste, and, 
when quite recent, a peculiar odour or halitus, which almost 
immediately disappears. An odour may, however, afterwards be 
developed by addition of sulphuric acid, which is by some con- 
sidered characteristic of the animal from which the blood was 
obtained. 

The coagulation of blood in repose has been alieady noticed, 
and its cause traced to the mutual action 
of the fibrino -plastic and fibrino-genous 
substances, which together constitute 
fibrin ; the effect is best seen when the 
blood is received in a shallow vessel, and 
left to itself some time. No evolution of 
gas or absorption of oxygen takes place 
in this process. By strong agitation 
coagulation may be prevented ; the fibrin 
in this case separates in cohering fila- 
ments. 

To the naked eye the blood appears a 
homogenous fluid; but it is not so in 
reality. When examined by a good micro- 
scope, it is seen to consist of a transparent 
ancl nearly colourless liquid, in which float 
about a countless multitude of little round red bodies to wliich 
the colour is due ; these are the blood-discs or blood-corpuscles of 
microscopic observers. They are accompanied by colourless 
globules, fewer and larger, the white corpuscles of the blood. 

The blood-discs are found to present different appearances in the 
blood of different animals : in the mammifers they look like little 
round red or yellowish discs, thin when compared with their 
diameter, being flattened or depressed on opposite sides. In birds, 
lizaKls, frogs, and fish, the corpuscles are elliptical. In magnitude 
they seem to be pretty constant in all the members of a species, 
but differ with the genus and order. In man they are very small, 
varying from Wtht to -juVr of an inch in breadth, while in the frog 
the long diameter of the ellipse measures at least four times as 
much. Tlie corouscles consist of an envelope containing a fluid 
in which the red colouring matter of the blood is dissolved. 

The coagulation of bldixl effects a kind of natural proximate 
analysis ; tne clear, pale serum, or fluid part, is an alkaline solu- 
tion of albumin, containing various soluble salts; the clot is a 
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mechanical mixture of fibrin and blood-globules, swollen and 
distended with serum, of which it absorbs a large but variable 
quantity. 

The following table repr^^ ents the composition of healthy 
human blood as a whole ; it is on the authority of Lecanu : 


* 

. (1-) 

(2.) 

Water, 

im-ib 

785-58 

Fibrin, 

2-10 

3-67 

Albumin, 

65 09 

69-41 

Colouring matter, .... 

13300 

119-63 

Crystallisable fat, .... 

2-43 

4-30 

Fluid fat, 

1-31 

2-27 

Extractive matter of uncertain nature, 
soluble in both water and alcohol, 
Albumin im combination with soda. 
Sodium and potassium chlorides, car- 

j 1*79 
1-26 
j 8-37 

1- 92 

2- 01 

7-30 

bonates, phosphates, and sulphates, 
Calcium and magnesium carbonates ; ' 

I 


phosphates of calcium, magnesium, 
and iron ; ferric oxide, . . . ' 

J 2-10 

1-42 

Loss, 

2-40 

2-59 


1000-00 

1000-00 


In healthy individuals of different sexes these proportions are 
found to vary : the fibrin and colouring matter are usually more 
abundant in the male than in the female : in disease, variations 
of a far wider extent are often apparent. 

It appears singular that the red corpuscles, which are so easily 
dissolved by water, should remain uninjured in the fluid portion 
of the blood. This seems partly due to the presence of saline 
matter, and partly to that of albumin, the corpuscles being alike 
insoluble in a strong solution of salt and in a highly albuminous 
liquid. In the blood the limit of dilution within which the 
corpuscles retain their integrity appears to be nearly reached, for 
when water is added they immediately become attacked. 

Urine. — The urine is the ^eat vehicle by which the excess of 
nitrogenous food, and the azotised matter of those portions of the 
body which have been taken up by the absorbents, are conveyed 
away and rejected from the system in the form of urea. It serves 
also to remove superfluous water and foreign soluble matters which 
get introduced into the blood, ^ 

The two most remarkable and characteristic constituents of 
urine, urea, and uric acid, have already been fully described ; in 
addition to these, it contains lactic and hippuric acids, creatine, 
creatinine, and traces of glucose and indican, calcium and mag- 
nesium sulphates, chlorides, and phosphates, alkaline salts, and 
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certain yet imperfectly known principles, including an odoriferous 
and a colouring substance. 

Healthy huiiian urine is a transparent, light amber-coloured 
liquid, which, while warm, emits a pectdiar, aromatic, and not 
disagreeable odour. This is lost on cooling, while the urine at 
thq same time occasionally becomes turbid, from a deposition of 
urates, which redissolve with slight elevation of temperature. It 
is very decidedly acid to test-paper; this acidity, which contin- 
ually varies in amount, has been ascribed to acid sodium phos- 

E hate, to free uric acid, and to free lactic acid ; lactic acid can, 
owever, hardly co-exist with alkaline urates, and the amorphous 
huff-coloured deposit obtained from fresh urine by spontaneous eva- 
poration in a vacuum, is not uric acid, but a mixture of acid urates, 
modified as to crystalline form by the presence of minute quanti- 
ties of sodium chloride. That a free acid is sometimes present in 
the urine is certain : in this case the reaction' to •test-paper is far 
stronger, and the liquid deposits on standing, little, red, hard 
crystals of uric acid ; but tliis is no longer a normal secretion. 

An alkaline condition of the urine from fixed alkali is sometimes 
met with. Such alkalinity can always be induced by the adminis- 
tration of neutral potassium or sodium-salts of a vegetable acid, as 
tartaric or acetic acid : the acid of the salt is burned in the blood 
in the process of respiration, and a portion of the base appears in 
the urine in the state of carbonate. The urine is often alkaline 
in cases of retention, from ammonium carbonate produced by 

{ mtrefaction in the bladder itself; but this is easily distinguished 
rom alkalinity from fixed alkali, in which case the urine is 
secreted in that condition. 

The density of the urine varies from 1’005 to 1*030 ; about 1*020 
to 1*025 may be laken as the average specific gravity. A high 
degree of density in urine may arise from an unusually large 
proportion of urea : in such a case, the addition of nitric acid will 
occasion an almost immediate production of crystals of urea nitrate; 
whereas with urine of the usual degree of concentration, very many 
hours will elapse before the nitrate begins to separate. The quan- 
tity of urine passed depends as much upon circumstances, as upon 
the activity of the skin. It is usually more deficient in quantity 
and of higher density in summer than in winter. Perhaps about 
32 ounces in the 24 hours may be assumed as a mean. 

When kept at a moderate temperature, urine after some days 
begins to decompose : it exhales an offensive odour, becomes alka- 
line from the production of ammonium carbonate, and turbid from 
the deposition of earthy phosphates. The ammonium carbonate 
is due to the putrefactive decomposition of the urea, which 
gradually disappears, the ferment^ or active agent of the change, 
being a peculiar nitrogenous substance which is always voided 
with the urine. It has been found also that the yellow adhesive 
deposit containing infusoria from stale urine is a most powerful 
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fennent to the fresh secretion. In this putrefied state urine is 
used in several of the arts, as in dyeing, and forms perhaps the 
most valuable manure for land nown to exist. 

Putrid urine always contains a considerable quantity of ammo- 
nium sulphide : this is formed by the deoxidation of sulphates by 
the organic matter. The highly offensive odour and extreme 
pungency of the decomposing liquid may be prevented by pre- 
viously mixing the urine, as Liebig suggests, with sulphuric or 
hydrochloric acid, in sufficient quantity to saturate all the ammonia 
that can be formed. 

The following is an analysis of human urine by Berzelius. 
1 000 parts contained — 


Water, 93302 

Urea, 30*10 

Lactates and extractive matter, . . 17*14 

Uric acid, 1*(X) 

Potassium and sodium sulphates, . 6*87 

Sodium phosphate, .... 2*92 

Ammonium phosjDhate, . . . 1*65 

Calcium and magnesium phosphates, 1*00 

Sodiimi chloride, .... 4*45 

Sal-ammoniac, ..... 1*50 

Silica, 0*03 

Mucus of bladder, .... 0*32 


1000*00 

In certain states of disease, substances appear in the urine 
which are never present in the normal secretion ; of these the 
most common is albumin. This is easily detected by the addi- 
tion of nitric acid in excess, which then causes a white cloud 
or turbidity, permanent when boiled, or by corrosive sublimate, 
the urine being previously acidified with a little acetic acid; 
boiling usually causes a precipitate which is not dissolved by a 
drop or two of acid. Mere turbidity by boiling is no proof of 
albumin, the earthy phosiihates being often thrown down from 
nearly neutral urine under such circumstances; the phosphatic 
precipitate is, however, instantly dissolved by a drop of any acid. 

In diabetes the urine contains grape-sugar, the quantity of which 
varies with the intensity of the disease ; sometimes it is enormous, 
the urine acquiring a density of 1*040 and beyond. * It does not 
appear that the urea is deficient absolutely ^ although more difficult 
to discover from being mixed with such a mass of syjftip. Very 
small traces of sugar may be discovered in urine by Trommer^s 
test, formerly mentioned (p. 635): a few drops oi solution of 
cupric sulphate are added to the urine, and afteri\"ards an excess 
of caustic potash : if sugar be present, a deep blue liquid results, 
which, on boiling, deposits red cuprous oxide. With proper 

3 Q 
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management this test is very valuable. Urine containing sugar, 
when mixed with a little yeast, and put in a warm place, readily 
undergoes vinous fermentation, and afterwards yields, on distilla- 
tion, weak alcohol contaminated with ammonia. 

The urine of children is said sometimes to contain benzoic acid : 
thia is produced by the decomposition of hippuric acid, which 
constantly occurs in the irrine of healthy persons. When benzoic 
acid is taken, the urine after a few hours yields on concentration, 
and the addition of hydrochloric acid, needles of hippuric acid, 
soiled by adhering uric acid. 

The deposit of buff-coloured or pinkish amorphous sediment, 
which so frequently occurs in urine upon cooling, after unusual 
exercise or slight derangements of health, consif'^s of a variable 
mixture of coloured acid urates uncrystallised : it may be at once 
distinguished from a deposit of ammonio-magnesian phosphate by 
its instant disappearance on the application of heat. The earthy 
phosphates, besides, are hardly ever deposited from urine which 
has an acid reaction. 


The colouring matters of the urine have been carefully examined 
by Dr. Schuuck. He finds that most of the substances hitherto 
described as colouring healthy urine are products of the change of 
one, or at most two, colouring matters, which are always present. 
The first, and most important of these, Dr. Sehunck has obtained 
as a dark-yellow extract, amorphous and deliquescent, with a 
peculiar odour. It is soluble in alcohol and ether, as well as in 
water, and has the composition CbaH^iNOgo. It is decomposed at 
a boiling temperature, yielding a large quantity of a brown resin 
and volatile organic acid. A second extractive matter, soluble in 
water and alcohol, but not in ether, he ftnind had the formula 
CjqH^NOj^. This is certainly produced in the process of prepar- 
ing the fir.st extractive matter, and, perhaps, does not pre-exist in 
healthy urine. Heat and all strong alkalis and acids decompose 
these extractive matters, and give rise to most of the colouring 
matters which have hitherto been described as existing in healthy 
urine. The reddish-pink colouring matter, called purpurin or 
uro-erythrin, which adheres so tenaciously to the urates, is not an 
ordinary constituent of healthy urine, but is formed more espe- 
cially when the secretion of bile is <liminished. Willi regard to 
the presence of indican in healthy urine, see page 941. 

The yellow principle of bile may be observed in urine in cases 
of jaundice. 

The urine of the carnivorous mammifera is small in quantity, 
and highly* acid. It has a very offensive odour, and quickly 
putrefies. In composition it resembles that of man, and is rich in 
urea. In birds and serpents, the urine is a white pasty substance, 
consisting almost entirdy of mate of ammonia. In herbivorous 
animals it is alkaline and often turbid ffom earthy carbonates and 
phosphates : urea is still the characteristic ingredient, while of 
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uric acid tliere is scarcely d trace : hippiiric acid is usually, if not 
always, present, sometimes t a very large extent. When the 
urine putrefies, this hippuric acid, as already noticed, becomes 
changed to benzoic acid. * 

Urinary Calculi. — Stony concretions, differing much in physical 
characters and in chemical comijositioii, are unhappily but'^too 
frequently formed in the bladder itself, and give rise to one of 
the most distressing complaints to which humanity is subject. 
Although many endeavours have been made to find some solvent 
or solvents for these calculi, and thus supersede the necessity of a 
formidable surgical operation for their removal, success has been 
but very palatial and limited. 

Urinary calculi are generally composed of concentric layers of 
crystalline or amorphous matter, of various degrees of hardness. 
Very frequently the central point or nucleus is a small foreign 
body : curious illustrations of this will be seen in any large collec- 
tion. Cahnili are not confined to man : the lower animals are 
subject to the same ufiliction ; they have been found in horses, 
oxen, sheep, pigs, and almost constantly in rats. 

The following is a sketch of the imncipal characters of the 
different varieties of calculi : — 

1. Uric Acid. — These are among the most common : externally 
they are siiKxith or warty, of yellowish or brownish tint : they 
have an imperfectly crystalline, distinctly concentric structure, 
and are tolerably hard. Before the blowpipe the uric acid calculus 
burns away, leaving no ash. Jt is insoluble in water, but dissolves 
with facility in caustic pobish, with but little ammoniacal odour : 
the solution mixed with acid gives a copious white curdy precipi- 
tate of uric acid, which speedily becomes dense and crystalline. 
Cautiously heated with nitric acid, and then mixed with a little 
ammonia, it gives the characteristic reaction of uric acid, viz., deep 
purple-red murexide. 

2. Ammonium Urate. — Calculi of ammonium urate much re- 
semble the preceding : they are easily distinguished, however. 
The powder boiled in water dissolves, and the solution gives a 
precipitate of uric acid when mixed with hydrochloric acid. It 
dissolves also in hot potassium carbonate with copious evolution 
of ammonia. 

3. Fumble Calculus; Calcium Phosphate with Amrmnio-Mag- 
nesian Phosphate. — This is one of the most common kinds. The 
stones are usually white or pale-coloured, smooth, earthy, and 
soft ; they often attain a large size. Before the blowpipe this 
substance blackens from animal matter, which calculi always con- 
tain ; then becomes white, and melts to a bead with comparative 
facility. It is insoluble in caustic alkaM, but readily soluble in 
dilute acids, and the solution is precipitated by ammonia. Calculi 
of unmixed calcium phosphate are rare, as also those of mag- 
nesium and ammonium phosphate ; the latter salt is sometimes 
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seen, forming small brilliant crystals, in cavities in the fusible 
calculus. 

4 . Calcium Oxalate Calculus; Mulberry Calculus , — Tlie latter 
name is derived from the rough, warty character, and dark blood- 
stained aspect of this variety : it is perhaps tlie worst form of 
calbalus. It is exceedingly hard ; the layers are thick and im- 
perfectly crystalline. Before the blowpipe the calcium oxalate 
bums to a carbonate by a moderate red heat, and, when the flame 
is strongly urged, to quicklime. It is soluble in moderately strong 
hydrochloric acid by heat, and very easily in nitric acid. When 
it is finely powdered and long Innlecl in a solution of potassium car- 
bonate, potassium oxalate may be discovered in the filtered liquor 
after careful neutralisation with nitric acid, foi ling white pre- 
cipitates with solutions of lime, lead, and silver. A sediment of 
calcium oxalate in very minute, transparent, octohedral crystals, 
only to be seen by the microscope, is of common occurrence in 
urine, in which a tendency to deposits of urates exists. 

6, Cystine and Xanthine , — These calculi are very rare, esjjecially 
the latter. Calculi of cystine or cystic oxide are very crystalline, 
and often present a waxy appearance externally : sediments of 
cystic oxide are sometimes met with. This subshince is a definite 
crystallisable organic princhile, containing sulphur to a large 
amount, its formula being C3H7NSO2. The powdered calculus 
dissolves in great parti, without effervescence, in dilute acids and 
alkalis, including ammonia : the ammoniacal solution deposits, by 
spontaneous evaporation, small but beautiful colourless crystals, 
which have the form of six-sided prisms and tables. It forms a 
saline compound with hydrochloric acid. Caustic alkalis disengage 
ammonia Irom this substance by continued ebullition. When the 
solution in nitric acid is evaporated to dryness, it blackens : when 
it is dissolved in a large quantity of caustic potash, a droi> of solu- 
tion of lead acetate added, and the whole boiled, a black precipi- 
tate containing lead sulphide makes its appearance. By these 
characters cystine is easily recognised. 

Xanthine^ or xanthic oxide^ also a definite organic principle, 
C5H4N4O2, is distinguished by the peculiar deep-yellow colour 
produced when its solution in nitric acid is evaporated to dryness : 
it is soluble in alkalis, and in boiling, strong hydrochloric acid. 

Very many calculi are of a composite nature, the composition of 
the different layers being occasionally changed, or alternating: 
thus, mixed urates and calcium oxalate are not un frequently 
associated in the same stone. 

Sweat. — The wateiy fluid poured out by the skin contains 
from i to 2 per cent, of solid matter : the acidity of the secretion 
depends on organic acidfe, chiefly formic : acetic and butyric acids 
also exist in it. Lactic acid has been staled to be absent, even in 
rheumatism : a new acid named svdoric acid, and somewhat re- 
sembling uric acid in composition, is said to be always present. 
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In disease, and in health, small Aianlities of lu^ea also exist in sweat. 
The salts in the sweat are cnlorides of sodium and potassium. 
Phosphoric acid, lime, magnesia, and iron oxide have been found. 

Saliva is a mixture of several fluids secret rid by diffa^ent glands 
of the mouth. Its specific gravity is from 1*002 to 1*009. It is 
usually alkaline: daring and after eating the alkaline reaction 
increases, whilst it decreases by fasting. It contains an albuminous 
substance, ptyalin^ w’hich acts on starch, rapidly changing it into 
sugar. The secretion of the submaxillary gland, with the mucus 
of the mouth, chiefly produces this eftect. On the passage of the 
food into the acid gastric juice, this conversion of starch into sugar 
ceases. The second remarkable substance in saliva is potassium 
sulphocyanate, which exists in very small quantities, but is very 
easily detected. The solid constituents of the saliva are about 
1 per cent., and in 100 parts of solid constituents from 7 to 21 
parts are fixed salts, chiefly chlorides, with calcium carbonate and 
phoR])hate. 

Gastric Juice is a clear, colourless, transparent fluid, of sp. gr. 
l-()02, containing 1 to 2 per cent, of solid constituents, chiefly 
sodium chloride and lactate. It has an acid reaction, and contains 
hydrochloric, lactic, butyric, proinonic, and acetic acids. It is 
slightly, or not at all, coagulable by boiling, though it contains 
two albuminous substances, one insoluble in water and absolute 
alcohol, the osmazome of old authors ; the other soluble in water, 
but precipitated by alcohol, tannin, mercuric chloride, and lead- 
salts. This is pepsin. In the gastric juice of man it exists to the 
amount of 0*319 per cent. When the gastric juice has the greatest 
solvent power, 100 })arts of fluid are Siiturated by 1*25 parts of 
potash. The gastric juice dissolves the albuminous substances 
taken as food, and slightly changes their reactions. Thus albumin, 
fil^rin,. casein, legumin, gluten, and choudrin give rise to as many 
(lifferenl. peptones. 

Bile. — This is a secretion of a very different character from the 
preceding : the largest internal organ of the body, the liver, is 
devoted to its preparation, which takes place from venous, instead 
of arterial blood. According to Qorup-Besanez human bile con- 
tains in 1000 jDarts — 

Water, 823-908 

Solid matter, . .177—92 


Bile-acids with alkali, . . 108— 56 

Fat and cholesterin, . . 47 — ^ 

Mucus and colouring matter, . 24—15 

Ash, . . . . ^ . 11—6 

In its ordinary state bile is a very deep-yellow, or greenish, 
viscid, transparent liquid, which darkens by exposure to the air, 
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aad undergoes changes which have been yet but imperfectly studied. 
It has a disagreeable odour, a most nauseous, bitter taste, a dis- 
tinctly alkaline reaction, and is miscible with water in all propor- 
tions, When evaporated to dryness at 100^, and treated with 
alcohol, the greater part dissolves, leaving behind an insoluble 
jelly consisting of mucus of the gall-bladder. This alcoholic solu- 
tiOT contains colouring matter and cholesterin : from the former 
it may be freed by digestion with animal charcoal, and from the 
latter by a large admixture of ether, in which the bile is insoluble, 
and separates as a thick, syrupy, and nearly colourless luiuid. 
The colouring matter may also be precipitated by baryta-water. 

Pure bile thus obtained, when evaporated to dryness by a gentle 
heat, forms a slightly yellowish brittle mass, resembling gum- 
arabic. It is completely soluble in water and absolute alcohol. 
The solution is not affected by the vegetable acids ; hydrochloric 
and sulphuric acids, on the contrary, give rise to turbidity, either 
immediately or after a short interval. Ijead acetate partly preci- 
pitates it; the tribasic acetate precipitates it completely: the 
precipitate is readily soluble in acetic acid, in alcohol, and to a 
certain extent in excess of lead acetate. When carbonised by heat, 
and incinerated, bile leaves between 11 and 12 percent, of ash, 
consisting chiefly of sodium carbonate, with a little common salt 
and alkaline phosphate. The beautiful researches of Strecker 
show that bile is essentially a mixture of the sodium-salts of two 
peculiar acids, resembling the resinous and fatty acids. One of 
these contains nitrogen, but no sulphur, and is termed glycocholic 
acidj being a conjugated compound* of a non-nitrogenous acid^ 
cholic acidj with the azotised suostance glyocine (p. 681) ; the other, 
containing nitrogen and sulphur, is called taurocholic acid, being a 
conjugated compound of the same cholic acid with a body to be 
presently described under the name of taiiriney containing both 
nitrogen and sulphur. The relative proportion in which these 
acids occur in bile remains pretty constant in the same animal, 
but varies considerably in different classes of animals. 

Glycocholic Acid may be thus obtained : — When ox-bile is 
perfectly dried an<l exhausted with cold absolute alcohol, and after 
filtration is mixed with ether, it first deposits a brownish tough 
resinous mass, and after some time, stellate crystals, consisting of 
the glycocholates of sodium and potassium. These mixed crystals 
were first obtained by Plattner, and compose his so-called crys- 
tallised bile. 

Glycocholic acid may be obtained by decomposing sodium glyco- 
cholate with sulphuric acid : it crystallises in fine white needles 
of a bitterish-sweet taste, is soluble in water and alcohol, but only 
slightly in ether, and has^a strong acid reaction. It is represented 

* A compound is sometimes said to be conjugated of two others, when 
it contains the elements of those two bodies, minus the elements of water. 
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Ly the formiUa Cj^H43N09. When boiled with a solution of 
potash, the acid divides into cholic acid and glycocine : 

^ 26 ^ 43 ^ "t" H2O = ^24^4005 -f- C2H5NO 
Glycocholic ChoUc acid. Glycocine. 

acid. 

Boiled with concentrated sulphuric or hydrochloric acid, it like- 
wise yields glycocine, hut instead of cholic acid, toother tThite 
amorphous acid, cholo'idic acid (09411^304 = cholic acid minus 1 
molecule of water), or, if the ehimition has continued for some 
time, a resinous substance, from its insolubility in water called 
dyslysiii (C24H30O3 = cholic acid minus 2 molecules of water). 

Taurocholic Acid is thus procured : — Ox-bile is freed as far 
as possible from glycocholic acid by means of neutral lead acetate, 
and is then precipitated by basic lead acetate, to which a little 
ammonia is added. The x>recipitate is decomposed by sodium 
carbonate, whereby tolerably pure sodium taurocholate is ob- 
tained, By decomposing the taurocholate of lead with sulphu- 
retted hydrogen, taurocholic acid is liberated. This substance, 
however, which was previously called cholic acid and hilin^ has 
never been obtained in the pure state ; its formula, as inferred 
from the study of its products of decomposition, appears to be 
C20H45NSO7, When boiled with alkali, it divides into cholic 
acid and taurine ; 

C2«H4,NS07 + H2O - C24H40O5 -f C2H7NSO3 

Taurocholic acid. Cholic acid, Tauiine. 

With boiling acid it likewise gives taurine, but instead of cholic 
acid either choloidic acid or dy sly sin, according to the duration 
of the boiling. 

Taurine, C2H7NSO3, crystallises in colourless regular hexagonal 
prisms, which have no odour and very little taste. It is neutral 
to test-paper, and jiermanent in the air. When burnt, it gives 
rise to much sulphurous acid. It contains upwards of 25 per cent, 
of sulphur. It is easily prepared by boiling purified bile for some 
hours with hydrochloric acid. After filtration and evaporation, 
the acid residue is treated with five or six times its bulk of boiling 
alcohol, from which the taurine sepamtes on cooling. Strecker 
made many attempts to prepare taurine artificially. Ultimately 
he found that when ammonium isethionate (p. 586 ), which melts 
at 130 ®, is heated to 210 ® or 220 ®, it loses 1 molecule of water, and 
becomes taurine. The substance is dissolved in water, and on 
the addition of alcohol, gives crystals having all the properties of 
taurine. Kolbe has recently observed the formatfon 01 tauiine 
under veryinteresting circumstances. The treatment of potassium 
isethionate with phosphorus pentachlcwide gives rise to a heavy 
oily liquid, with simultaneous formation of hydrochloric acid and 
phosphorus oxychloride. This oily liquid, the so-called chloride 



Asmjkt nmm. 

of chloMhybttlpharic acid, C^.OISOsCl, when mixed with water 
yields the com^spanding acid, eliJoretbvlsulphuricacid, C^H.ClSoJ 
which on dif^^tion with an excess of amimmm at l(H)% produces 
tavmue; C^iH^ClSO^ + 2NH3 - NH^CI + a^H^NSO^. 

Cholic Acid, C24H4QO5, crysUillises in tetrahedrons. It is 
soluble in sulphuric acid, and on the addition of a drop of this 
aci^ind a solution of sugar (1 part of sugar to 4 parts of water), a 
purple-violet colour is produced, which constitutes Pettenkofer's 
test for hile. At 195 ° it loses a molecule of water, and is con- 
verted into choloidic acid, which change, as already pointed out, 
is also produced by boiling w'ith acids. 

Cholic acid is best obtained by boiling the resinous mass pre- 
cipitated by ether from the alcoholic solution of the hile, with a 
dilute solution of potash for 24 or 36 hours, till the amorphous 
potassium-salt that lias separated begins to crystallise. When the 
dark-colouied soft mass is removed from the alkaline liquid, dis- 
solved in water, and hydrochloric acid added, a little ether causes 
the deposition of the cholic acid in crystals. 

Bile-pioments. — T he principal colouring matter of the hile is 
called bilirubin or cholepyrrhin. When dry it is reddish-brown 
and uncry stallisable, insoluble in water, more soluble in alcohol, 
which it colours yellow, and most soluble in caustic alkali. On 
the addition of nitric acid to the yellow alkaline solution, a change 
ensues. The colour passes through green, blue, violet, and red : 
after some time, the liquid again turns yellow, probably in con- 
sequence of a gradual process of oxidation. 

Another colouring matter of bile is called biliverdiru It is dark- 
green, amorphous without taste or smell, insoluble in w ater, slightly 
soluble in alcohol, but soluble in ether. 

Accoitling to the researches of Strecker and Gundelach, pigs’ 
bile differs from the hile of other animals. This bile contains an 
acid called gbjco-hyocholic acid. It may be prepared in the follow- 
ing manner : — Fresh pigs’ bile is mixed with a solution of sodium 
sulphate, and the precipitate thus obtained is dissolved in absolute 
alcohol, and decolorised by animal charcoal. From this solution 
ether throws down a sodium-salt, which, on addition of sulphuric 
acid, yields glyco-hyocholic acid as a resinous mass, which is dis- 
solved in alcohol and reprecipitated by water. 

Glyco-hyocholic acid contains C27H43NO5. When heated with 
solutions of the alkalis, it undergoes a decomposition perfectly 
analogous to that of glycocholic acid, splitting up into glycocine 
and a crystalline acid, called hyocJwlic acidy very soluble in alcohol, 
less so in el^er. This substance contains C25H4QO4; and the 
change is represented by the following equation : 

C2,H43N0, + H2O = + C2H5NO2 

Glyco-hyocholic Hyocholic Glycocine. 

acid. acid. 
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When boiled with acids, glyco-hyocholic acid yields likewise 
glycocine, but instead of hyocholic acid, a substance representing 
the dyslysin of the ordinary bile, which might be termecf hyodysly- 
sin. The composition of hyodyslysin is C 2 .,H 3 g 03 = hyocholic acid 
minus H^O. 

Pigs’ hile contains a very trifling quantity of sulphur, probably 
in the form of a sulphuretted acid corresponding to taui^holic 
acid of ox-bile. Strecker believes this acid to contain 0 ^ 7 H^^NSO 6 : 
it might be called tavro-hyocliolic acid; when boiled with an 
alkali, it should vield taurine and hyocholic acid. The sulphu- 
retted acid must be present in pigs’ bile in very minute quantity ; 
it is even less known than tauro-cholic acid. 

The once celebrated oriental hezoar stones are biliary calculi, said 
to be procured from a species of antelope : they have a brown 
tint, a concentric structure, and a w^axy ap])earance, and consist 
essentially of a peculiar and definite crystal Usable principle called 
lithofellic acid, having the composition C 20 U 38 O 4 . 

The liver not only forms bile which is excreted, but it also 
effects a remarkable change in the blood that passes through it. 
M. Bernard discovered that after death sugar could be detected in 
the blood from the he])atic vein, whilst no sugar was found in 
blood from the portal vein. In the progress of his researches into 
the origin of this sugar, he found that a glycogevic substance was 
formed in the substance of the liver itself, and this he succeeded 
in extracting and isolating (p. 658). 

Pancreatic Fluid is strongly alkaline, and has a specific gravity 
of about 1*008 to 1*009, containing from 9 to 11 i)er cent, of solid 
constituents : among these are an albuminous substance, resembling 
ptyalin, together with leucine, guanine, xanthine, and inosite, and 
about 1 per cent, of ash, chiefly chlorides and phosphates. 

It has three distinct actions — first on starch, secondly on fat, 
and thirdly on albuminous matter. Starch is converted into 
sugar more energetically by the pancreatic fluid than by the saliva. 
Fat is changed into fatty acid and glycerin at a temperature of 
35°; and boiled albumin and fibrin are quickly dissolved at the 
same temperature, whilst the alkalescence distinctly remains. 

Intestinal Juice is a colourless, alkaline fluid, containing from 
3 to 4 per cent of solid constituents. It is thought to be capable 
of dissolving fibrinous substances only. 

Chyle. — The fluid of the lacteal vessels. This is a very variable 
fluid, milky and feebly alkaline. Its fibrin begins to coagulate 
when taken from the vessels, in five to twelve minutes, and is 
perfectly coagulated in two to four hours. The coagulum is much 
smaller and weaker than that of the blood. That of the horse, 
from a yellowish colour changes in th« air to light red. 

The albuminous saline serum contains very minute particles of 
fatty matter, which give rise to the milkiness ; also larger chyle 
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globules, and colourless blood 

globules. Thus the chyle approxi 

mates in composition and properties to the blood. 



In the chyle of the horse there was found — 



Water, .... 

91 *00 to 9600 T)er cent. 

Fixed constituents, . 

9-00 

4-00 


Nuclei and cells. 

Variable. 


Fibrin, . . . 

019 

0*7 


Albumin 

1-93 

4-34 


Fat, .... 

1-89 

0-53 


Extractive matter free from salts, 7‘27 

8-34 


Soluble salts, . 

7-49 

6*78 


Insoluble, . 

about 2’00 




liyinph is the name given to the fluid in the lymphatic vessels. 
It is colourless, has au alkaline reaction, and coagulates in from 
four to twenty minutes. It closely resembles the blood without 
the blood-globules. It contains colourless globules, resembling 
the white globules of the blood. It contains much less albumin 
and fat than the serum of the blood, but more water, and propor- 
tionately more extractive matter. 

Closely resembling this fluid is that poured out by serous mem- 
branes and the cellular tissue. It has been called exsudation fluid, 
and may be divided into fibrinous and non-fibrinous. It may be 
considered as the serum of the blood with or without fibrin, which 
is far more commonly present than has been supposed. 

Mucus and Pus. — The slimy matter effused upon the surface 
of various mucous membranes, as the lining of the alimentary 
canal, that of the bladder, of the nose, lungs, &c,, to which the 
general name mucus is given, is so small in quantity, and so 
variable in consequence of any irritation of the membranes, that 
it is difiicult to characterise. It always contains more or less epi- 
thelium and mucous cells. It contains a peculiar nitrogenous 
principle to which the name mucin has been given (p. 966). 

Pus, the natural secretion of a wounded or otherwise injured 
surface, is commonly a creamy, white, or yellowish liquid, 
which, under the microscope, appears to consist of multitudes 
of minute globules floating in a serum. It is neither acid nor 
alkaline. 

The pus globules are distended by very dilute mineral and 
organic acids : imperfectly dissolved by alkalis, leaving the mem- 
brane of the cells adhering in a gelatinous mass. This cell 
membrane is an albuminous substance, soluble in very dilute 
acids. The pfis serum contains more or less albumin, in all respects 
identical with that of the blood and a peculiar substance, vyin 
(p. 967). 

The quantity of fatty substance is remarkable in pus, varying 
from 2 to 6 per cent. As much as 1 per cent, of cWesterin has 
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been found to be present ; but neither by this nor by any other 
character can the passage of mucus into pus be determined. 

Milk. — The peculiar spe nal secretion destined for the noui’ish- 
ment of the young is, so far as is known, very much the same in 
flesh-eating animals and in those which live exclusively on vege- 
table food. The proportion of the constituents may, hoyrewr, 
sometimes differ to a considerable extent. The spe^lfic'gravity 
varies from 1-018 to 1-045. It will be seen hereafter that the 
'substances present m milk are wonderfully adapted to the office 
of providing materials for the rapid growth and development of 
the animal frame. It contains an azotised matter, namely, caseins, 
together with fatty principles, a peculiar sugar, and lastly, various 
salts, among which may be mentioned calcium phosphate, held in 
complete solution in a slightly alkaline liquid. This last is 
especially important to a process which goes on actively in the 
young animal, the formation of bone. 

The white, and almost opaque appearance of milk is an optical 
illusion : examined by a microscope of even moderate power, it is 
seen to consist of a perfectly transparent fluid, in which float 
numbers of transparent globules : these consist of fat, surrounded 
by an albuminous envelope, which can be broken mechanically, 
as in the churning, or dissolved by the chemical action of caustic 
potash, after which, on agitating the milk with ether, the fat can 
be dissolved. 

When milk is suffered to remain at rest some hours at the ordi- 
nary temperature of the air, a large proportion of the fat-globules 
collects at the surface into a layer of cream: if this be now removed 
and exposed for some time to strong agitation, the fat-globules 
coalesce into a mass, and the remaining watery liquid is expelled 
from between them and separated. The butter so produced must 
be thoroughly washed with cold water, to remove, as far as pos- 
sible, the last traces of casein, which readily putrefies, and would 
in that case spoil the whole. A little salt is usually added. 

Ordinary butter still, however, contains some butter-milk, and 
when intended for Keeping should be clarified^ as it is termed, by ^ 
fusion. The watery part then subsides, and carries with it the 
residue of the azotised matter. The flavour is unfortunately some- 
what impaired by this process. The consistence of butter, in 
other words, the proportion of solid fat and olein, is dependent 
upon the season, or more probably upon the kind of food: in 
siunmer the oily portion is always more considerable than in 
winter. The volatile odoriferous principle of butter, butyrin, has 
been already referred to. • 

The casein of milk, in the state of cheese, is in many countries 
an important article of food. The milk is usually heated to about 
120® (49° C.), and coagulated by rennetj or an infusion of the 

stomach of the calf in water : the curd is carefully separated by a 
sieve from the whey, mixed with a due proportion of salt, and 
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sometimes some colouring matter, and then subjected to strong 
and increasing pressure. The fi*esh cheese so prepared, being con- 
stantly kept cool and dry, undergoes a particular kind of putre- 
factive fennentation, very little understood, whereby principles 
are generated which communicate a particular taste and odour. 
The goodness of cheese, as well as much of the difference of 
flavour pejxeptible in different samples, depends in great measure 
upon the manipulation : the best kinds contain a considerable 
quantity of fat, and are niatle with new milk: the inferior, 
descriptions are made with skimmed milk. 

Some of the Tartar tribes prepare a kind of spirit from milk by 
suffering it to ferment, with frequent agitation. The casein con- 
verts a part of the milk-sugar into lactic acid, and another rart 
into gTai)e-sugar, which in turn becomes converted into alcohol. 
Mare’s milk is said to answer better for this purpose than that of 
the cow. 

In the fresh shite, and tiiken from a healthy animal, milk is 
always feebly alkaline. When left to itself, it very soon becomes 
acid, and is then found to contain lactic acid, which cannot be 
discovered in the fresh mUk. The alkalinity is due to the soda 
which holds the casein in solution. In this soluble fonn casein 
possesses the power of taking up and retaining a very considerable 
quantity of calcium phosphate. The density of milk varies 
exceedingly : its quality usually bears an inverse ratio to its 
quantity. From an analysis of cow-milk in the fresh .state by 
Haidlen, the following statement of its composition in 1000 parts 
has been deduced : 


Water, .... 


. 873-00 

Butter, .... 


30-00 

Casein, .... 


48-20 

Milk-sugar, 


43-90 

Calcium-phosphate, . 


2-31 

Magnesium 


0-42 

Iron „ 


0-07 

Potassium chloride, . 


1-44 

Sodium „ 


0-21 

Soda in combination with casein. 

0-42 

1000-00 


Human milk is remarkable for the difficulty with which it 
coagulates : it generally contains a larger proportion of sugar than 
cow-milk, but«scarcely differs in other respects. 
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THE ANT lAL TEXTURES. 

NERVOUS SUBSTANCE ; CONTRACTILE SUBSTANCE ; ELASTIC 
TISSUE ; SKIN. 

Nervous Substance. — The brain and nerves contain protagon 
(p. 971), cholesteriu, and albuminous matter. In the watery 
extract are found creatine, uric acid, xanthine, sarcine, inosite, 
lactic acid ; in the ash, sulphuric Jind phosphoric salts, especially 

? otassium salts, a little sodium chloride, calcium and magnesium. 

’he substance yields from 75 to 80 per cent, of water, and 3 to 4 
of ash. 

Contractile Substance. — This, like nerve substance, consists 
of many different compounds. It contains 74 to 80 per cent, 
water, and 26 to 20 solid constituents. The most remarkable of 
these is syntonin, or acid albumin, Liebig’s fibrin of flesh (see 

} ). 969). Casein, albumin, creatine, hypoxanthine, uric acid, and 
at are also present. The solid constituents contain 4 to 6 per 
cent, of ash. Potash, soda, lime, magnesia, sulphuric, phosphoric, 
and hydrochloric acids are present. 

Elastic tissue ; Skin. — The tendons and skin consist also of 
many different substances. Of these elastin (see p. 970) is one of 
the most remarkable. A cellular tissue, which yielas gelatin 
when long boiled, is another constituent. These two principles 
combine with tannic acid, foraiing leather. 

The principle of tanning, of such great practical value, is easily 
explained. When the skin of an animal, carefully deprived of 
hair, fat, and other impurities, is immersed in a dilute solution of 
tannic acid, the cellular and elastic tissues OTadually combine 
with that substance as it penetrates inwards, forming a perfectly 
insoluble compound, which resists putrefaction completely : this 
is leather. In practice, lime-water is used for cleansing and pre- 
paring the skin, and an infusion of oak- bark, or sometimes catechu, 
or other astringent matter, as the source of tannic acid. The 
process itself is necessarily a slow one, as dilute solutions only 
can be safely used. Of late years, however, various contrivances, 
some of which show great ingenuity, have been adopted, with 
more or less success, for quickening tne operation. All leather is 
not tanned : glove leather is dressed with alum and common salt, 
and afterwards treated with a preparation of the'^olks of eggs, 
which contain an albuminous matter and a yellow oil. Leather of 
this kind still yields a size by the action of boiling water. 

Bones. — At the age of 21 years the weight of the skeleton is to 
that of the whole body as 10*5 to 100 in man, and as 8*6 to 100 in 



990 


ANIMAL TEXTURES. 


woman, the weight of the body heing about 125 or 130 lbs. Bones 
are constructed of organic matter called omin, which yields gelatin 
on boiling, and is made stiff by insoluble earthy salts, of which 
calcium phosphate, Ca 3 ^(P 04 )«, is the most abundant. The pro- 
portions of earthy and animal matter vary very much with the 
kind of bone and with the age of the individual, as will be seen in 
the fonWijjg table, in which the corresponding bones of an adult 
and of a s^'bom child are compared ; 


Adult. Child. 



, 


A 



Inorganic 

Organic 

Inorganic 

Organic 


matter. 

‘matter. 

matter. 

matter. 

Femur, 

. 62-49 

37-51 

57-51 

42-49 

Humerus, . 

. 63-02 

36-98 

• 58-08 

41-92 

Badius, 

. 60-51 

39-49 

56-50 

43-50 

Os temporum. 

. 63-50 

36-50 

55-90 

44-10 

Costa, 

. 57-49 

42-51 

53-75 

46-26 


The bones of the adult are constantly richer in earthy salts than 
those of the infant. 

The following complete comparative analysis of human and ox 
bones is due to Berzelius : 


Human bones. 

Ox bones. 

Animal matter soluble by boiling, . 

32-17 ) 

33-30 

Vascidar substance, .... 

1-13) 

Calcium phosphate, with a little calcium 
fluoride, 

1 53-04 

57-35 

Calcium carbonate, . . . • . 

Magnesium phosphate, .... 
Soda, and a little common salt, 

11-30 

3-85 

1-16 

2-05 

1-20 

3-45 


100-00 

100-00 


The teeth have a very similar composition, but contain less 
organic matter : their texture is much more solid and compact. 
The enamel does not contain more than 2 or 3 per cent, of animal 
matter, whilst 81 to 88 per cent, of calcium phosphate with 7 or 
8 per cent, of carbonate are present ; and more calcium fluoride 
than in the bones. 
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CHEMICAL FUisCTIONS IN ANIMALS. 

RESPIRATION, DIGESTION, NUTRITION, 

Respiration. — The simplest view that can taken of a 
respiratory organ in an air-breathing animal, is that of a little 
membranous bag, saturated with moisture, and containing air, 
over the surface of which meander minute blood-vessels, whose 
contents, during the passage, are thus subjected to the chemical 
action of the air, through the substance of the membranes, and in 
virtue of the solubility of the gaseous matter itself in the water 
with which the membranes are imbued. In some of the lower 
classes of animals, where respiration is sluggish and inactive, these 
air-cells are few and large; but in the higher kinds they are 
minute, and gre**itly multiplied in number, in order to gain extent 
of surface, each communicating with the external air by the wind- 
pipe and its ramifications. 

Respiration is performed by the agency of the muscles which 
lie l>etween and about the ribs, and by the diaphragm. In an 
ordinary expiration from 22 to 43 cubic inches of air are thrown 
out. It has been said that as little as 3 and as much as 100 cubic 
inches have been expired. By a forced effort, ordinarily from 50 
to 60 cubic inches are expelled, and after a full insj)iration possibly 
from 100 to 300 cubic inches may be expired. Even then the 
lungs are not emptied of air. The residual quantity has been 
estimated at from 40 to 260 cubic inches. After an ordinary 
expiration a fui^ther quantity of air, amounting to from 77 to 170 
cubic inches may be exphed, and after an ordinary inspiration, by 
the deepest sigh, from 119 to 200 more cubic inches may be drawn 
into the lungs. Usually about 15 respirations are made in a 
minute ; the number, however, even in health, varies from 9 to 20. 

The expired air is found to have undergone a remarkable 
change ; it is loaded with aqueous vapour, while a very large pro- 
portion of oxygen has disappeared, and its place supplied by 
carbon dioxide, air once breathed containing enough of that gas 
to extinguish a taper. The quantity of this gas is very liable to 
variation ; usually from 3*3 to 6*2 per cent, of carbon dioxide is 
found to be present ; when the respirations are few, the carbon 
dioxide is greatest, when many, least; thus with 6 respirations 
per minute, 5*5 per cent, has been found; with 4S respirations, 
2*9 per cent. A full meal, cold weather, and increased barometric 
pressure, increase the carbon dioxide. Heat, alcohol, tea, and 
diminished pressure, lessen the ctirbdh dioxide ; age and sex pro- 
duce definite effects. It aj)pears most probable that nitrogen in 
small quantities is exhaled. 
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Whatever may be the difficulties attending the investigation of 
these subjects, — and difficulties there are, as the discrepant results 
of the experiments prove, — one thing is clear, namely, that quan- 
tities of hydrogen and carbon are daily oxidised in the hpuy by 
the free oxygen of the atmosphere, and their products expelled 
from the system in the shape of water and carbon dioxide. Now, 
if it beNjcJi^hat the heat developed in the act of combination is a 
constant qumitity, and no proposition appears more reasonable, 
part or all of the hish temperature of the body must be the result, 
of this exertion of chemical force. 

The oxidation of combustible matter in the blood is effected in 
the cmDillaries of the whole body, not in the lungs, the tempera- 
ture 01 which scarcely exceeds that of the other parts. The oxygen 
of the air is taken up in the lungs, and carried by the blood to the 
distant capillary vessels ; by the aid of which, secretions, and all 
the mysterious functions of animal life, are undoubtedly per- 
formed; here the combustion takes place, although how this 
happens, and what the exact nature of the combustible may be, 
beyond the simple fact of its containing carbon and hydrogen, yet 
remains a matter of conjecture. The carbon dioxide produced is 
held in solution by the now venous blood, and probably confers, 
in great measure, upon the latter its dark colour and deleterious 
action upon the nervous system. Once more poured into the 
heart, and by that organ driven into the second set of capillaries 
bathed with atmospheric air, this carbon dioxide is conveyed out- 
wards, through the wet membrane, by a kind of false diffusion, 
constantly observed under such circumstances^ while at the same 
time oxygen is, by similar means, carried inwards, and the blood 
resumes its bright-red colour, and its capability of supporting life. 
Much of this oxygen is, no doubt, simply dissolved in the serum. 
The hsemoglobiii of the corpuscles, becoming oxyhcemoglobin in 
the arteries, acts as a carrier of another portion (p. 964). Muldei- 
considers the fibrin to act in the same manner, being true fibrin in 
the veins, and, in part at least, oxidised in the arteries. 

It would be very desirable to show, if possible, that the quantit}" 
of combustible matter daily burned in the bo<iy is adequate to the 
production of the healing effects observed. Something has been 
done with respect to the carbon. Comparison of the quantities 
and composition of the food consumed by an individual in a given 
time, and of the excretions, shows an excess of carbon in the 
former over the latter, amounting, in some cases, according to 
Liebig^s high estimate,* to 14 ounces; the whole of which is 
thrown off m the state of carbon dioxide, from the lungs and skin, 
in the space of twenty-four hours. This statement applies to the 
case of nealthy, vigorous men, much employed in the open air, 
and supplied with abundailce of nutritious food. Females, and 
persons of weaker habits, who follow in-door pursuits in warm 
^ * Animal Chemistry, p. 14. 
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rooms, consume a much smaller quantity; their respiration is 
less enerf^etic, and the heat generated less in amount. Those who 
inhabit very cold countries ai well known to consume enormous 
quantities of food of a fatty nature, the carbon and hydrogen of 
which are, without doubt, chiefly employed in the i)roduction 
of animal heat These live by hunting; the muscular 

exertion retpiired quickens and deepens the breathing; ^diile, 
from the increased density of the air, a greater weigh Vot 'oxygen 
is taken into the lungs, and absorbed into the l)lood at each in- 
spiration. In this manner the temperature of the body is ke^i 
up, n(jt withstanding the ]nercing exteriiJil cold. 

The carbon consumed in resj)iralion in one day, by a horse 
moderately fed, amounted, in a valuable experiment of Boussin- 
gault, to 79 ounces ; that consumed by a cow to 71 ounces. The 
(leterniination was made in the manner just mentioned, viz., by 
comparing the quantity and compositioii of the food. 

New and very imjiortant experiments on respiration have been 
made in Munich by Drs Pettenkofer and Voit. The ai)i)aratus 
which thej'' used was large enough to allow a man to breathe and 
move as in an ordinary dwelling-room for twenty-four hours at 
least. The air could be changed to the extent of from fifteen to 
seventy-five cubic meters aii hour: the chemical difference be- 
tween the air that went in and that which came out was deter- 
mined. The King of Bavaria gave about iJGOO for the construc- 
tion of the apparatus, and it acted so well that the quantity of 
carbon and of hydrogen in a stearin candle burnt in the apparatus 
could be determined as accurately by the quantity of carbon dioxide 
and water produced, as by an organic analysis. 

A dog and a man were experimented on. In the dog the 
amount of carbon dioxide expired was least after ten days of 
hunger : when a full diet of flesh and fat was taken, three times 
as much carbon dioxide was produced. The urea was increased 
twenty-two times as much as <luring starvation. 

In man not quite one-lliird more carbon dioxide was produced 
when full diet was taken than was found during starvation. 

From the amount of carbon dioxide and urea formed wlien 
animal food alone was taken, it ai>i)ears that some fatty matter 
must be produced and retained in the system. 

Starch and sugar diet do not appear to cause a deposit of fat 
directly, thougli they may do so indirectly. 

Careful determination of the amount and composition of the 
food and oxygen consumed led to the belief that hydrogen and 
light carburetted hydrogen (CH4), were given off in res})iration. 
This is fully confirmed by these experiments. It follows from 
this important fact, first., that the carbon dioxide produced cannot 
be looked on as the measure of the amo^mt of oxygen taken from 
the air ; and secondly, that hydrogen cannot he assmned to be 
oxidised in the body in preference to carbon. 

3 R 
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In a paj^er read to the Academy of Sciences of Munich, Novem- 
ber 186(>, the authors give their latest results. They find that the 
proportion of carbon dioxide exhaled to oxygen inhaled is much 
greater in the day than in the night ; with j»erfect rest day and 
night, nearly twice as much ; with active motion during the day, 
nearly three times as much. The amount of oxygen taken in 
during rest by day is only half as much as is taken in at nigdit, 
and atfS^Hitive motion the amount of oxygen taken in at night 
is still more. In diabeles the proportion of carbon dioxide ex- 
haled by day to the oxygen inhaled is less than in health ; at night 
the amount of oxygen inhaled may be less than half the amount 
that would be inhaled in health. When one-third of the bloo<l 
consisted of white glohules, the proportion of carbon dioxide 
exhaled to oxygen inhaled by <lay was much less than in health, 
and the amount of oxygen taken in at night was even less than 
is taken in during the day. 

Digestion and Nutrition. — The various substances of 
which the food of man is com])osed must become finely divided 
in order to admit of their passage into the blood. In the ]>rocess 
of fine division or solution different substances undergo dilFerent 
changes in the alimentary canal. We learn nothing by saying 
that the food is converted into (diyme, and the chyme is changed 
into chyle ; but each animal and vegetable substance must be 
considered separately, as regards the changes it undergoes when 
exposed to the action of the different fluids which constitute 
the saliva, gastric juice, bile, pancreatic juice, and intestinal 
fluid. 

Shortly, it maybe stated that mineral substances, when expfxe*! 
to these i-eagents, are but little changed. 

Hydrates of carbon, as cellulose, gum, starch, sugar, are each 
acted on differently by different secretions ; thus cellulose and 
gum are probably not changed. Starch, by the action of the 
saliva and pancreatic fluid, becomes dextrin and glucose. Cane 
sugar is changed by gastric juice and heat into glucose, and all 
sugars are ultimately changed by the intestinal fluid and heat 
into acids. 

Fat is unchanged by the saliva and gastric juice ; but the bile, 
the pancreatic and intestinal fluid, change the fat into a finely 
divided emulsion, lmt< effect no perfect solution. 

Albuminous subs^tances, as albumin, fibrin, casein, globulin, 
undergo subdivision and solution chiefly in the stomach. All 
these substances are cliernically changed in tlie process of solu- 
tion by the jjastric juice (p. 981) into corresponding petitones. The 
rate of change and of solution depends on the mechanical sub- 
division as well as on the chemical properties of the different 
substances acted on. 

Gelatinous substances are changed chemically by the gastric 
juice, and thereby lose the i)roperty of gelatinizing when cold. 
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But lliis change is not requisite to their solution, which occurs so 
readily tliat these suljstances (*,an often he taken as food when 
alhununous substances would remain in the stomach undissolved. 

The constant and unceas.ij^ waste in the animal body in the 
process of respiration, and in the various secondary changes there- 
Avith connected, necessitates an equally constant repair and renewal 
of the whole frame by the deposition or organisation fif^^hatter 
from the blood, wliic.h is thus gradually impoverished.^ To supply 
this deficiency of solid material in the circulating fluid is the olfice 
of the food. The sinking contrast which at first appears in the 
nature of tlie food of the two great classes of animals, the vegetable 
feeders and the carnivorous races, diminishes greatly on close 
examination : it will be seen that, so far as the materials of blood, 
or, in other Avords, those devoted to the i‘e])air and sustenance of 
the body itself, are concerned, the jirocess is the same. In a flesh- 
eating animal great simplicity is obseiwed in the construction of 
the digestiA^e organs ; the stomach is a mere enlargement of the 
short and sim])le alimentary canal; and the reason is plain: the 
food of the ci'eature, flesh, is absolutely identical in composition 
Avith its oAvn blood, and Avith the body that blood is destined to 
nourish. In the stomach it undergoes mere solution, being brought 
into a stale fitted for absorption by the lacteal vessels, by which 
it is nearly all taken up, and at once coiweyed into the blood : 
the excrements of such animals are little more than the com- 
minuted bones, feathers, hair, and other matl.crs which refuse to 
dissolve in the stomach. The same condition, that the food 
em]>lovial for the nourishment of the body must have the sjime, 
or nearly the same, chemical composition as the body itself, is 
really fulfill(»d in the case of animals that liA^e exclusively on 
vegetable su])stances. ( VTtain of the azotised principles of jdants, 
Avhich often abound, and are never altogether absent, have a 
(ihemical coni])osition and assemblage of properties Avhich assimi- 
late them in the closest manner, and it is believed even identify 
them, Avith the azotised jninciplcs of the animal body: vegehible 
albumin, tilu-in, and casein are scarcely to be distinguished from 
the bodies of the same name extracted from blood and iriilk. 

If a y)ortion of wheaten flour be made into a paste with water, 
and cautiously av ashed on a fine luetalUc sieA^e, or in a cloth, a 
greyish, adhesiA'^e, elastic, insoluble substance will be left, called 
gluten, and a milky li(|uid will pass through, AAdiich, by a feAv hours' 
rest becomes clear by depositing a quantity of starch. If now this 
liquid be boiled, it becomes again turbid from the production of 
a flocculerit precipitate, Avhich, Avheii collected, washejl, dried, and 
purified from fat by boiling with ether, is found to have the same 
com])osition as animal albumin. The gluten itself is a niixture of 
true vegetable fibrin, and a small quaiifity of a peculiar azotised 
matter called glutin, gliadin, or vegetable gelatin, to which its 
adhesive properties are due. The gliadin may be extracted by 
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boiling alcohol, together "vidth a thick, fluid oil, which is separable 
by ether: it is gluey and adhesive, quite insoluble in water, and 
when dry, hard and translucent like horn ; it dissolves readily in 
dilute caustic alkali, and also in acetic acid. The librin of other 
grain is unaccompanied by gliadin: barley and oatmeal yield no 
glutin, but inadlierent filaments of nearly pure fibrin. 

Ve^Halde albumin in a soluble state abounds in the juice of 
many soft ^succulent plants used for food: it may be extracted 
from potatoes by macerating the sliced tubers in cold water con- 
taining a little sulphuric acid. It coagulates when heated to a 
temperature dependent upon the degree of concentration, and 
cannot be distinguished when in this state from boiled while of 
egg in a divided condition. 

Almonds, j)eas, beans, and many of the oily seeds, contain a 
principle which ])ears the most striking resemblaiice to the casein 
of milk. When a solution of this substance is heated, no coagula- 
tion occurs, but a skin forms on the surface, just as with lioiled 
milk. It is coagulable by alcohol, and by acetic acid, the last 
being a character of importance. Such a solution, mixed with a 
little sugar — an emulsion of sweet almonds, for instance — and left 
to itself, soon becomes sour and curdy, and exhales an otfensi^^c* 
smell : it is then found to contain lactic acid. 

All these substances dissolve in caustic potash, wdth production 
of a small quantity of alkaline sulphide; the filtered solution 
mixed with excess of acid gives precipitates of albuminate. 

The following is the composition in 100 parts of vegetable' 
albumin and fibrin : it will be seen that tliey agree very closely 
with the results before given : 


Carbon, ..... 

Alhumin. 

55 ‘01 

Fibrin. 

54-00 

Hydrogen, .... 

7-23 

7-30 

Nitrogen, ..... 
Oxygen, sulphur, and phosphorus, 

15-92 

15-81 

21-84 

22-29 


loo-oo 

100 00 


The composition of vegetable casein, or legiimin^ has not been 
so well made out : so much discrej)an(*y appears in the analyses as 
to lead to the supposition that dillerent substances have been 
operated upon. 

The great bulk, however, of the solid portion of the food of the 
herbivora consists of bodies which do not contain nitrogen, and 
therefore cai?not yield sustenance in the manner described : some 
of these, as vegetable fibre or lignin, and waxy matter, j)ass unal- 
tered through the alimentary canal ; others, as starch, sugar, gum, 
and perhaps vegetable faf, are absorbed into the system, and after- 
wards disappear entirely: they are supposed to contribute very 
largely to tlie production of animal heat. 
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On these principles, Liebig made the now doubtful distinction 
between what he terms plastic elements of nutrition and elements of 
respiration. In the former lass he placed : Vegetable f^rin^ 
Vegetable albumin^ Vegetable casein^ Animal fleshy Blood, In the 
latter: Faty Bfarchy Cram, Cane-sugary Grape-swjary Milk- sugar. 
Pectiiiy Alcohol? 

When the muscular movements of a healthy aniniMtl-jire re- 
strained, a genial temperature kept up, and an amplb supply of 
food containing much amylaceous or oily matter given, an accumu- 
lation of iat in the system rapidly takes place : this is well seen in 
the case of stall-fed cattle. On the other hand, when food is 
deficient, and much exercise is taken, emaciation results. These 
elfects arc ascribed to differences in the activity of the respnatory 
function : in tlie first instance, the heat-food is supplied faster than 
it is consumed, and hence accumulates in the form of fat; in the 
second, the coialitioiis are reversed, and the creature is kept in a 
state oi‘ leanness by its rapid consumption. The fat of an animal 
appears to be a ju'ovision of Nature for the maintenance of life 
during a (*,ertain i)erio(l under circumstances of privation. 

The oi igin id fat in the animal body was at one time the subject 
of much tliscHission. On the one hand it was contended that satis- 
factoiy evidence exists of the convemon of starch and saccharine 
substances into fat, by separation of carbon and oxygen, the change 
somewhat resembling that of vinous fermentation: it was argued 
on the other side, that oily or fatty matter is invariably present 
in the food suppli(*d to the domestic animals, and that this fat is 
merely absorbed and <le2>osited in the body in a slightly modified 
state. The qviestion has been decided in favour of the first of these 
views, which was enunciated by Liebig, by the very chemist who 
formerly advocated the second opinion. By a series of very beautiful 
ex])eriments, MM. Dumas and Milne Edwards proved that bees 
exclusively feeding uj)Ou sugar were still capable of producing 
wax, which is known to be a veritable fat. 

The food of animals, or rather that portion of the food which is 
destined to the rejmir and renewal of the frame itself, is thus seen 
to consist of substiinces identical in composition with the body it 
is to nourish, or requiring but little chemical change to become so. 

The chemical phenomena obsor\^ed in the animal system re- 
semble so far those produced out of the body by artificial nieajis, 
that they are all, or nearly all, so far as is known, changes in a 
descending series. Albumin and fibrin are probably more com- 
plex compounds than gelatin or the membrane which furnishes 
it : this, in turn, has a far greater comj:>lexity of coDstifntion than 
urea, which contains most of the azotised matter that is rejected 
from the body. The animal lives by tlie assimilation into its own 
substiince of the most complex and elaborate products of the 
organic kingdom ; — products which are, and, apparently, can only 
be, formed under the influence of vegetable life. 
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The existence of the plant is maintained iu a manner strikingly 
dissimilar: — the food supplied to vegetables wholly inorganic ; 
the carbon dioxide and nitrogen of the atmosphere; the water 
wiiich falls as rain, or is deposited as dew ; tlie minute traces of 
ammoniacal vapour present in the air ; the alkali and saline matter 
extracted from the soil ; — such are the substances which yield to 
plants^4ihe elements of their growth. That green healthy vege- 
tables do possess, under circumstances to be mentioned immedi- 
ately, the property of decomposing carbon dioxide absorbed by 
their leaves from the air, or conveyed thither in solution through 
the medium of their roots, is a fact established by direct experi- 
ment. To effect this very remarkable decoin])osition, the intliieiice 
of light is indispensable ; the diffused light of day sullices in some 
degree, but the direct rays of the sun greatly exalt d)e activity of 
the process. The carbon separated in this manner is retained in 
the plant in union with the element? of water, with which nitro- 
gen is also sometimes associated, while the oxygen is thrown off 
into the air from the leaves in a jaire and gaseous condition. 

The effect of ammoniacal sails u])on the grf)wth of ])lants is 
so i*emarkable as to leave little room for doubt <‘oncerning the 
peculiar functions of tlie ammonia iu the air. Plants whicJi in 
their cultivated state contain, and conseqiienlly re<[uiiv, a large 
supply of nitrogen, as wheat, and the cereals in giuieral, are found 
to be greatly benefited by the a])plicalion to the laml of such sub- 
stances as putrefied urine, which may be looketl u]>on as a solution 
of ammonium carbonate, or of gnaao^ wbi(*li is the i)ai1ia]ly de- 
composed dung of birds, found in immenst* quantities on some of 
the barren islets of the western coast of South America, as that of 
Peru (p. 931). 

Upon the members of the vegetable kingdom thus (levf)]ves the 
duty of building up, as it were, out of the inorganic constituents of 
the atmosphere, — the carbon dioxide, the water, and tlu^ ammonia, 
— the numerous complicated organic ]>rincit)les of the perfect plant, 
many of which are afterwards destim^d to become tlui food of 
animals, and of man. The chemistry of vegetable life is essentially 
a process of reduction caused by the action of light, but the unxle 
in which this is affected is at ju’esent by no means iiiade out. ()n(‘ 
thing, however, is manifesl, namely, tlie wtmderfiil relations ])e- 
tween the two orders of organised beings, in virtue of which the 
rejected and refuse matter of the one is made to constitute the 
essential and indispensiilde food of the other. While the animal 
lives, it exhales incessantly from it lungs, and often from its skin, 
carbon dioxidg ; when it dies, the soft parts of the hotly uridergo a 
series of chemical changes of degradation, which terminate iji the 
production of carbon dioxide, water, ammonium carbonate, and, 

f )erha])s, other products in' small cjuantity. These are taken uji 
)y a fresh generation of plants, which may iu their turn serve for 
food to another race of animals. 
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HYDROArKTEE TABLES. 


COMPAIMSON or TIIK DKOUKES OF IlAl'NHi’s II YJHIOMF.TF.II WITH THE 
REAL M>E(’IF10 GRAVI I IE.s. 

1 . For L/qifidH Ii/'aiu'i'r than H'otrr. 


ot s. 

S]nn ific 
Guivity. 

Degrees. 

Specific 
Griivity. 1 

Degrees. 

Specific 

Gravity. 

0 

1 -000 i 

2(3 

1*206 

52 

1 *520 

1 

1 -007 

27 

1*216 

53 

1*535 

‘2 


28 

1 *225 

54 

1*551 

a 

1 -floo 

29 

1*285 

55 

1*567 

4 

1 -027 

80 

1*245 

56 

1*583 

5 

1 - o :! t 

81 

1*256 

57 

1*(300 

r» 

1041 

82 

1 *267 

58 

1*617 

7 

1-048 ; 

88 

1*277 

59 

1*681 

8 

1 - o.-.o 

84 

1*288 

60 

1*652 

9 

1 -008 1 

85 

1*299 

61 

1*670 

10 

1-070 ' 

86 

1*310 

62 

1*689 

11 

1-078 

87 

1*321 

68 

1*708 

12 

i 1 - o 85 1 

88 

1*833 

64 

1*727 

la 

1-094 

89 

1*845 

65 

1*747 

14 

1-101 

40 

1*357 

66 

1*767 

15 

1-109 ; 

41 

1 *369 

67 

1 788 

10 

1-118 

42 

1 *381 

68 

1*809 

17 

1-126 

43 

1 *895 1 

69 

1*881 

18 

1-134 

44 

1*407 1 

70 

1*854 

19 

1-143 

45 

1 *420 

71 

1 *877 

20 

1 - 1.';2 

46 

1*434 

72 

1*900 

21 

1-160 

47 

1*448 

73 

► 1*924 

22 

1-169 

48 

1 *462 

74 

1*949 

28 

1-178 

40 

1 * 4 ;^^ 

75 

1*974 

24 

1-188 

50 

1 *490 

76 

2*000 

25 

1-197 

51 

1 *495 i 

1 
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Baumcs Hydrometer for Liquids Lighter than Water, 


Degrees. 

Spocific 

Giavity, 

Degret's. 

Specific 

Giiuity. 

Degrees. 

Specific 

Gravity. 

10 

1-000 

27 

0*896 

44 

0-811 

11 

0-993 

28 

0*890 

45 

0-807 

12 

0*980 

29 

0-885 

46 

0*802 

13 

0-980 

30 

0*880 

47 

0*798 

14 

0-973 

31 

0-874 

48 

0*794 

15 

0-967 

32 

0-869 

49 

0 789 

16 

0-960 

33 

' 0-864 

50 

0-785 

17 

0-954 

34 

0-859 

51 

0-781 

18 

0-948 

35 

0-854 

52 

0-777 

19 

0-942 

36 

0-849 

63 

0-773 

20 

0-936 

37 

0-844 

54 

0-768 

21 i 

0-930 

38 

0-839 

55 

0-764 

22 

0-924 

39 

0-834 

56 

0-760 

23 

0-918 

40 

0-830 

57 

0-757 

24 i 

0-913 

' 41 

0-825 

58 

0-753 

25 ! 

0-907 

42 

0-820 

59 

0-719 

26 

0-901 

43 

0-816 

60 

0-745 


These two tables are on the authority of Francreur : they are taken 
from the Handufortcrbuch der Chrmie of Liebig, Poggendoitf anil 
AVohler. Baunies hydrometer is very commonly used on the ("on- 
tinent, especially for liquids heavier than water. For lighter liquids 
the hydromct(*r of Cartier is often employed in France. Cartier’s 
degrees differ but little from those of Baumc. 

In the United Kingdom, TwaddelFs hydrometer is a good deal used 
for dense liquids. This instrument is so graduatt'd that the real specific 
gravity can be deduced by an extremely simple method from the 
degree of the hydrometer ; namely, by multiplying the latter by 5, and 
adding'lOOO ; the sum is the specific gravity, water being 1000. Thus 
lO'" Twaddell indicates a specific gravity of 1050, or 1 *05 ; 90“ Twaddell, 
1450, or 1*45. * 

In the Customs and Excise, Sikes s hydrometer is used. 
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ABSTRACT 

0 

‘of l!K<;NAULr’.S TAltIK OK TIIK MAXIMUM TENSION OF WATER-VAPOUR, 
AT DIFFERENT TEMPERATURES, EXPP.ESSED IN MILLIMETER'S OF 
MERIiURY. 


Toinpcralurc. 

'I'cnsioTi, 

injllinicters. 

Temperature. 

Tension, 

milliineteis. 

- 32“ C. 

0-320 1 

100“ c. 

760-000 

30 

0-386 1 

105 

906-410 

25 

0-605 ' 

no 

1075-370 

20 

0-927 

115 

1269-410 

15 

1 -400 

120 

1491-280 

10 

2-093 

125 

1743-880 

5 

3-113 i 

130 

2030-280 

0 

4-600 1 

135 

2353-730 

+ 5 

6-534 

140 

2717-630 

10 

9-165 1 

145 

3125-55 

15 

12-699 ' 

150 

3581-23 

20 

17-391 1 

155 

4088 -.56 

25 

23-550 ; 

160 

46.51-62 

30 

31 -548 

165 

5274 -54 

• 35 

41-8-27 

170 

.5961-66 

40 

.54-906 

175- 

6717-43 

45 

71-391 

180 

7546-39 

50 

91-982 

185 

8453-23 

55 

117-478 

190 

9442-70 

<)0 

148-791 

195 

10519 63 

65 

186-945 

200 

11688-96 

70 

233-093 

205 

129.55-66 

75 

288-517 

210 

14324-80 

80 

354-643 

215 

1.5801-33 

85 

433-041 

220 

17390-36 

90 

525-450 

225 

19097-04 

95 

633-778 

230 

20926-40 
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TABLE 


OF THE PROPORTION BY WEIGHT OF ABSOLUTE OR REAL ALCOHOL IN 
100 PARTS OF SPIRITS OF DIFFERENT SPECIFIC GRAVPITES (FOWNEs). 



Per- 


i 

Per- 


Per- 

' Sp. Gr. at 60* P. 

cent age 

Sp. Gr. at 60® F. 

centage 

Sp. Gr. at 60® F. 

centage 

(15 5° C.) 

of real 

(15-5- C.) 

of real 

(lo*5“ C.) 

of ical 


Alcohol. 


xVlcohoL 


Alcohol. 

0*9991 

0*5 

0*9511 

34 

0-8769 

68 

0*9981 

1 

0*9490 

35 

0*8745 

69 

0-9965 

‘2 

0*9470 

36 

0*8721 

70 

0*9947 

3 

0*9452 

37 

0*8696 

71 

0*9930 

4 

0*9434 

38 

0*8672 

72 

0*9914 

5 

0-!»416 

39 

0-8649 

73 

0*9898 

6 

0-9396 

40 

0*8625 

74 

0*9884 

7 

0-9376 

41 

0*8603 

75 

0*9809 

8 

0*9356 

42 

0-8581 

76 

0*9855 

9 

0*9335 

43 

0*8557 

77 

< 0*9841 

10 

C-9314 

44 

0-8533 

78 

0-9828 

11 

0*9292 

45 

0-8508 

79 

i 0*9815 

12 

0-92/0 

46 

0-8483 

80 

0*9802 

13 

0 9249 

47 

0*8459 

81 

0*9789 

14 

0 *9228 

48 

0*8434 

82 

0*9778 

15 

0*9206 

49 

0*8408 

83 

0 9706 

16 

0*9184 

50 

0*8382 

84 

0*9753 

17 

0*9160 

51 

0*8357 

85 

0*9741 

18 

0*9135 

52 

0*8331 

86 

0*9728 

19 

0-9113 

53 

0*8305 

87 

0*9716 

20 

0*9090 

54 

0*8279 

88 

0*9704 

21 

0*9069 

55 

0*8254 ' 

89 

0*9691 

22 

0*9047 

56 

0*8228 i 

90 

0*9678 

23 

0*9025 

57 

1 0*8199 

91 ; 

0*9665 

24 

0*9001 

58 

i 0*8172 

92 

0*9652 

25 

0*8979 

59 

0*8145 

1 93 

0*9638 

26 

0*8956 

i 60 

0*8118 

1 04 

0*9623 

27 

0*8932 

! 61 

0*8089 

95 

0*9609 

28 

0*8908 

62 

0*8061 

96 

0*9593 

•29 

0*8886 

63 

0*8031 

97 

0*9578 

30 

0*8863 

64 

0*8001 

98 

0*9500 

31 

0*8^^40 

65 

0*7969 

99 

0*9544 

32 

0*8816 

66 

0*7938 

100 

0*9528 

33 

0*8793 

67 
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TABLE 


OF THK PllOPORTION BY VOLUME OF ABSOLUTE OR REAL ALCOHOL IN 
100 VOLUMES OF SPIRITS OF DIFFERENT SPECIFIC GRAVITIES (OAY- 
LU.-^SAC) AT 59“ K. (15“ 


100 vol. Spirits. ' 

100 vol. Spirits. 

• 

10f» Mil. Spirits. 

Spec. Grav. 

CoiltlllTl ‘ 

vol. of , 

ICill I 

Alcohol. 

Sp(‘c. Grav. 

Contain 
vol. of 
real 

Alcohol. 

Spec. Giav. 

Contain 
vol. of 
real 

Alcoliol. 

1 *0000 

0 

0*9608 

34 

0*8956 

68 

0*9985 

1 

0*9594 

35 

0*8932 

69 

0-9970 

2 

0-9581 

36 

0-8907 

70 

0*995(] 

3 

0*9567 

37 

0*8882 

71 

0*9942 

4 

0*9553 

38 

0-8857 

72 

0*9929 

5 

0*9538 

39 

0-8831 

73 

0*9910 

6 

0-9523 

40 

0-8805 

74 

0-990:} 

7 

0*9507 

41 

0*8779 

75 

0-9891 

8 

0*9491 

42 

0*8753 

76 

0-9878 

9 

0*9474 

43 

0-8726 

77 

0-9807 

10 

0*9157 

44 

0 8699 

78 

0 •985.5 

11 

0*9440 

45 

0*8672 

79 

0-9841 

12 

0*94*22 

46 

0*8645 

80 

0-98;};} 

13 

0-940 4 

47 

0-8617 

81 

0*982*2 

14 

0-9386 

48 

0-8.589 

82 

0-9812 

15 

0*9367 

49 

0*85b0 

83 

0-9802 

1) 

0*9348 

50 

0*8531 

84 

0-9792 

17 

0*9329 

51 

0*8502 

85 

0-9782 

18 

0*9309 

52 

0*8472 

86 

0-977:} 

19 

0*9289 

53 

0*8442 

87 

0-9763 

20 

0*9269 

54 

0*8411 

88 

0-975;} 

21 

0*9248 

55 

0*8379 

89 

0-9742 

22 

0*9227 

56 

0*8346 

90 

0-97:}2 

23 

0*9206 

57 

0*8312 

91 

0-97-21 

24 

0*9185 

58 

0*8278 

92 

0-9711 

25 

0*9Iu3 

59 

0 8242 

93 

0-9700 

20 

0*9141 

60 

0*8206 

94 

0.9690 

27 

0*9119 

61 

0*8168 

*95 

0-9079 

28 

0*9096 

62 

0*8128 

96 

0-9668 

29 

0*9073 

93 

0 8(/S6 

97 

0-9657 

30 

0*9050 

64 

0-8042 

98 

0-9645 

31 

0*9027 

/)5 

0*8006 

99 

0-9633 

32 

0*9004 

66 

0*7947 

100 

0-9621 

33 

0*8980 • 

67 ; 
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WEIGHTS AND MEASURES. 


480 

437*5 

7000 

5760 


grains Troy = 1 oz. Troy. 

„ ~ 1 oz. Avoirdupois 

:= 1 lb. Avoirdupois. 

,, 1 lb. Troy. 


Tlie imperial gallon contains of water at 62° F. (16J° C.) 

The pint (}, of gallon) 

The fluid ounce (-gV of })int) 

The pint equals 34*56 cubic inches. 


70,000 grain.s. 
8,750 „ 

437*5 „ 
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1 Square Inch = 6*4513669 Square Centimeters. 1 Square Yard = 0 83609715 Square M<ter or Centiare. 

1 Square Foot = 9-2899683 Square Decimetei*s. 1 Acre = 0 404671021 Hectare. 
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TABLE 

roil CONVERTINO DEGREES OF THE GENTIGRADIC THERMOMETER INTO 
DEGREES OF FAHRENHEIT’S SCALE. 


Ontigi 

Fahrenheit. 

Centigrade. 

Fahrenheit. | 

Centigrade. 

Fahrenheit j 

1 

o 

o 

o 

- 130“ 

-60“ 

-76° 

- 30° * 

1 

- 22“ 

85 

1^1 

55 

67 

25 

n 

80 

112 

50 

58 

20 

4 

75 

103 

45 

49 

15 

+ 5* 

i 70 

94 

40 

40 

10 

14 

1 65 

85 

35 

31 ! 

5 ^ 

23 

j 






1 



\ 


j 

! 0° 

+ 32“ 

4-100“ 

+ 212“ 

4 200“ 

+ 392“ j 

' + 5 

41 

I 105 

221 

205 

401 j 

; 10 

50 

1 110 

230 

210 

410 

15 

59 

I 115 

239 

215 

419 

20 

68 

; 120 

248 

220 

428 

25 

77 

' 125 

257 

225 

' 437 

30 

86 

I 130 

266 

230 

416 

35 

95 

135 

275 

235 

455 

40 

104 

! 140 

284 

240 

464 

45 

113 

145 

293 

245 

473 

50 

122 

150 

302 

250 

482 

55 

131 

155 

j 311 

255 

491 


140 

160 

320 

260 

500 

65 

149 

1 65 

329 

265 

509 

70 

158 1 

170 

338 

270 

518 

' 75 

j 

167 

175 

347 

275 

527 i 

1 SO 

176 

1 80 

356 

280 

536 

85 

185 

185 

365 

285 

545 

90 

194 

190 

374 

290 

554 

95 

203 

195 

383 

295 

* 563 


1 

“ C. 

1*8“ 

F. • 



2 


3*6 




3 

- 

• 5*4 




4 


7*2 






INDEX 


Absorption of gases 

PAGK 

142 

A»)' >i*j»tion !>p('Ctia 

71 

Aectal . 

748 

Acetamide 

018 

Acetates, metallic 

673 

Acetic acid, manu- 
faetuieof 

672 

others 

677 

oxide or anlij'dride 

768 

Acetone 

753 

determination of va 

- 

pour-density of 

40 

Acetonitrile . 

856 

Acetophenone 

843 

AeetosaUcylnV 

840 

Acetyl chloride 

679 

Acetylene . 166, 551) 

Acid, acetic . 

671 

acetamidohenzoic 

814 

aeetonic 

754 

aconitic 

730 

aci ylic 

697 

adi}»lc 

724 

alUjiiic 

825 

allantinic . 

032 

allitniic 

035 

alloxan ic . 

036 

alpha-cynne 

818 

alpha-orseldc 

947 

alpha-toluic 

817 

alpha-xylic 

818 

amallc 

004 

amidacetic 

681 

amltlo-ljenzoic 814, 021 

amido-biityric . 

685 

amido-caproic , 

687 

amido-proi»ionie 

683 

ainylsulphuric . 

602 

ancboic 

724 

angelic 

607 

anille 

045 

anisic 

822 

antbraniiic 924, 046 

arithnonic . 

477 

aracbidic . 

605 

arsenic 

482 

arseiiious . 

482 

arsenmethylic . 

915 

aspartic 

029 

atropic 

820 

uuiic . 

418 

barbituric . 

940 

benic or bchenic 

695 


Acid ; 

PAGE 

benzamidacetic 

815 

benzilic 

825 

benziiglycoilic . 

816 

benzoic 

810 

heta-orsellic 

048 

bisniuthic . 

489 

boiic 

216 

brornacetic 

680 

bromic 

100 

biomo-baibituric 

039 

broino-bLiizoic . 

814 

bromo-proplonic 

683 

butyric 

683 

cacodv lie 

014 

Ctimpiiic 

838 

cainphoi ic 

838 

cajiric 

680 

caproic 

686 

caprylic 

688 

carhallylic 

730 

carbarn 1 C . 347, 924 

carbazotic . 

705 

carboeresylic 

823 

carbohydioquiuonic 827 

carbolic 

702 

carbonic . 162,711 

liquet action of 

46, 16i 

canninie 

949 

cerotic 

605 

chelidoiiic . 

730 

cldoi acetic 

670 

cidorbydric 

181 

chloric 

187 

chlorobenzoic . 

813 

chlorocbromic 

504 

cbloronitrous 

183 

chlorophenesic . 

704 

chlovoph -nlsic . 

794 

chl(jropr<ipionic 

683 

ciilororliodic 

072 

clilorous 

186 

clilorovalcric 

686 

cholic 

984 

choMdic , 

083 

chromic 

503 

chrysammic 

953 

clirysanilic 

045 

chrysolepic 

953 

clirysopliatilc . 

940 

cimlcic 

698 

cinnamic . 

818 

citraconic . 

726 

citric . 

737 


Acid: 

P\GE 

cobalt ic , , ’ 

467 

comenic 

739 

convolvulinoleic 

715 

coumaric . 

#824 

ci*es(>tic 

823 

crocimic 

737 

crotonic . 697, 702 

ciiinic 

818 

cyanic 

859 

cyaiiuric 

860 

eymic 

816 

dam al uric . 

698 

d.unohc 

dextroraccmie, or 
dextrolartaiic 

698 

731 

dialiiric 

039 

diamido-beiizoic 814, 921 

dibromacetic 

680 

clibromobaibituue 

039 

dlchloraeetic 

679 

diethylpliosphoric 

587 

diglycollic . 

706 

di-io(l acetic 

681 

di-iodo^ulicylic 

828 

di lactic 

709 

dilituno 

939 

dinirrobenzme . 

814 

dioxysnliejdn* . 
disu’pbanthiaqui- 

828 

noiiic 

051 

disuljihetholic . 

742 

disiilpbobenzolic 

disulpbometho- 

834 


lie . . 613^742 

disulplioiiaplitlioUc 834 


ditartaric . . 736 

ditliionic . . 205 

elaWic . . 609 

ellagic . . 830 

eqiiiseiic . . 730 

ciythrk* . 731,046 

ethttiie-(ii^?lycollic 622 
ctlione-lactic , 707 

el bionic . 613, 742 

etbyl-curbamic . 924 

cthyleiotonic . 701 

etl^loxalic 721 

etb>loxainic . 023 

ethylpbosplioric 587 

ethylsulphuric . 686 

ethyltartarlc . 734 

euchroic . . 832 

eugctic . 827 

3 s 
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Acid : page 

euxanthlc . 952 

evernic . . 948 

excretcllc . . 972 

ferric . 456 

formic . . 669 

formoloenzoio . 826 

fulmlnlc . 862 

fulmiuuric . . 864 

fumaric . . 725 

galdic . . 698 | 

gallic . •. 828 

gallotanic , 640, 829 

glyceric . . 728 

glyfocholic . 982 

glyco-hyocholic . 984 

glycollamic 920 

gl^collic . 705 

glyoxyllc . 727 

hemimcIHtic . 834 

heinipinic . . 739 j 

liippnric . 815 

humic . . 647 

hydiintoic . . 935 

* hydriodic . . 191 

hydrobenzoic 812 

hydrobromic 190 

hydrocliloric . 181 

hydroclnnamic . 819 

hydrocoumaric . 824 

hydrocyanic 178, 844 
hydiofci-ricyauic 855 

hydroferrooyanic 85fJ 

hydrofluoric , . 195 

hydrofluosillcic . 219 

hydromcllitic . 833 

hydroniellonic . 871 

hydroparacoumanc 824 

hydroprclinitic . 833 

hydropyromelUtlc 833 

hydroselenic 212 

hydrohulphuric . 206 

hydrotelluric . 214 

hydurilic . . 939 

hyoclioJic . . 984 

hypochlorous . 184 

hypogaclc . 698 

hypogalllc . 827 

hyponitrous . 153 

hypophosphorous 233 

hyposnlphuric . 205 

hyposulphuvous 204 

igasuric . . 903 

Indinic . . 944 

inosinic , . 972 

lodacetic . . 681 

Iodic . . . 193 

isatic . . . 944 

isethionic . 613, 742 

isobutyric , . 684 

Isophtlialic . 826 

isopropylacetic . * 685 
iaovaleiic . . 685 

itaconic . 726 

jalapinoleic . 716 

Japonic . . 831 

kinic . . . 831 


INDEX. 


lCid: page I 

lactamic 

921 

lactic . 

707 

launc - . 

689 

lecanorlc . 

947 

leucic 

711 

levo*-racemlc, or 


levo-tartaric . 

736 

llthic . 

930 

lithofellic . 

985 

malamic 

929 

maleic 

725 

malic 

728 

malonic 

723 

niandelic . 

823 

manganic . 

473 

mannitic . 631, 

740 

margaric . 

692 

mcconic 

738 

meltssic 

696 

raellitic 

832 

inellophanic 

832 

mesaeonic 

726 

mesoxalic . 934, 

937 

inetagallic . 

829 

mctantimonic . 

476 

metapectic 

651 

metaphosphorlc 225, 

311 

metastaiinic 

446 

mcth acrylic 

701 

methionic . 

742 

mothylcarbamic 

924 

inethylcrotonic . 

701 

mcthy Ipa ro xjdien- 


zoic 

822 

methylsulphuric 

669 

molybdic . 

613 

moiiobroinacetic 

680 

monochloracetic 

769 

mono-oxysalicylic 

827 

moringlc . 

698 

mudc 

741 

inuilatic 

181 

inycomelic 

932 

myi Istic 

COO 

myronic 

641 

naphthallc 

825 

niobic 

497 

nitric 

150 

nitranislc . 

823 

nitrobenzoic 

814 

nitrocumic 

818 

nitrococcusic 

,949 

nitrophenasic 

796 

nitroplienesic 

795 

nitrophenisic 

795 

nitrophthalic 

825 

nitrosalicylic 

945 

nitrotolulc 

817 

nitrous 

155 

oonanthic . 

689 

(cnanthylic 

688 

oleic . 

698 

opianic . 739 

I, 831 

orsellifiic . 825, 

, 947 

, orthoi)hosphoiic 225, 311 

osmlc . 

442 


Acid: pack 

osiiilous . . 442 

oxalic . 717 

oxalovinic . . 721 

oxaluvic . 937 

oxamlc . 721, 912 

oxybcnzolc 822 

oxybutyric . 703 

oxypicric . . 95»3 

oxysalicyllc . 827 

oxysulphocarbamic 925 

palmitic . . 690 

parabauic . . 937 . 

paracoumaric . 824* 

paruhictic , . 707 

paraoxybenzoic 822 

paraphospiioric . 312 

paratartaric 735 

parellic . . 948 

pectic . . 651 

pelargonic 688 

pentatliionic . 205 

perchloric . 18S 

perchi-omic . 504 

periodic . . 193 

permanganic . 473 

phenyl-acrylic . 819 


phenyl-carbamic 924, 946 
phenyl-chlDrolactic 819 
phenylene-sulpli ur- 


ous . 

834 

phenyl-sulphurou.s 834 

pbloretic . 

824 

phosphoric 

224, 311 

glacial 

225 

phosphorous 

224 

phosphovinic 

687 

phtlmlic 

825 

physetoleic 

698 

picric 

795, 949 

plmaric 

785 

pimelic 

724 

pinic . 

785 

plperlc 

827 

prehnitic . 

833 

propionic 

682 

prussic 

844 

pseudo-uric 

932 

pui-puiic . 

940 

puiTcic 

952 

j)yrocatechulc 

827 

pyrocomenic 

739 

pyrogallic . 

809, 828 

pyromcconic 

739 

pyroinellitic 

834 

pyroiniicic . 

741 

pyrophosphoric 225, 312 

pyrotart-arlc 

724 

pyroterebic 

698 

pyruvic 

715 

quadrichlorovaleric 686 

quinic 

831 

quinonic 

825 

quinoyllc . 

625 

racemic 

735 

rhodizonic . 

737 

ricinoleic . 

715 
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PAGE 

roccelllc 

726 

toluic . 

816 

Alcohol . 

577 

rubiacic 

950 

trichloracetic 

680 

. absolute 

672 

niblc . 

831 

triclil(»rovaleric 

686 

allylic . 

612 

nxtic . 

689 

trim e’h tic - 

834 

amylenic . 

615 

saccharic . 

740 

trirnt c 

834 

amylic 

599 

salicylic 

820 

tilthionlc . 

205 

anisic . 

808 

salicyhms . 

B38 

tungstic 

609 

benzyllc 

790 

SiU'colactlc . 

707 

ulmic . 

647 

butyllc 

596 

sebacic or sebi(* . 

724 

uraniilic 

879 

ceryllc 

610 

selenhydric 

212 

uric 

930 

cetylic 

610 

selcoic 

212 

uroxanic 

932 

cinnylit 

800 

> selonious 

212 

usnic . 

948 

cresyllc 

797 

• silicic . 

218 

valerianic or valeric 685 

cymylic 

791 

stannic 

445 

vanadic 

491 

ethalic 

• 610 

stearic 

692 

violin ic 

939 

etliepic 

616 

stypbilic 

953 

xnnthic 

714 

ethylic 

571 

snberfc 

724 

xylic . 

817 

heptylic 

607 

snccimiamic 

922 

Acid-albuinm 

958 

bexylic 

605 

succinic 

723 

Acids 

115 

isopropylic , 

594 

sudoric 

977 

acrylic 

696 

niyricylic . 

611 

sulphacetic . 

741 

amic . 347 

541, 921 

nonylic 

609 

siilphamic . 

347 

aromatic 

810 

octylic 

607 

Milpliamylic 

602 

atomicity of 

660 

phenylic 

792 

sulphaiiisolic 

793 

basicity of * 

307, 659 

propen 3 *lic . 

624 

snlphydiic . 

206 

fatty . 

662 

propyllc 

594 

siilpbindijcrotic . 

942 

isoacrylic . 

700 

quart ylic . 

596 

sulphlndylic 

942 

olactic 

703 

qinntenyllc 

628 

suli)hobcnzoic . 

834 

organic 

538, 650 

quintylic 

599 

sulidiobenzollc . 

834 

diatomic and 

bi- 

scxdecylic . 

610 

sulphocacodylic . 

915 

basic . 

716, 825 

sycocerylic . 

791 

sitlphocavbainic . 

925 

diatomic and 

mo- 

vinylic 

611 

8ulpliocari)onic 209, 710 

nobasic 

703, 820 

xylylic ^ 

790 

snlphocyanie 

866 

hcxatomlc 

741, 832 

Alcohol-bas^ 

539, 871 

snJphoglyceric . 

626 

monatomic 

661 

Alcohol- radical 8 

537, 562 

sulpholl^rnic 

657 

pcntatomic 

831 

Alcoholic ammo- 


siil])honicthylic • 

669 

tetratomic 

731, 828 

nias 

539, 871 

fluiplionaphthalic 

824 

triatomic and 

bi- 

Alcoholic oxides 

637 

aulpliophcnic 

793 

basic . 

728 

Alcohols, genera uy 637,562 

sulphopropionlc . 

742 

triatomic and mo- 

aromatic 

788 

sulphovinic 

585 

nobasic 

727, 827 

primary, secondary. 

sulphuiic . 

201 

triatomic and 

tri- 

and tertiary 

565 

sulphurous . 

200 

basic . 

730 

and ethers, diatomic 614 

siilphydric . 

206 

Aconitates 

730 

hexntomic 

630 

sylvic . 

785 

Acrolein 

750 

monatomic 

564 

tannic . 

829 

Aconitine 

908 

pentatoniic 

'629 

tantalic 

496 

Actinism 

79 

polyethenic 

621 

tartaric 

731 

Avsculetin 

639 

polyglucosic 644 

tartaric, inactive 

737 

Aftsculin 

639 

tetratomic 

628 

tartnilic 

735 

Affinity, chemical 

253 

triatomic 

622 

tart relic 

735 

relations of heat to 258 

Aldehyde, acetic 

746 

tartronic 

728 

disposing . 

255 

polymeric modifi- 

tartrovinic . 

734 

After-damp of coal- 

cations of 

747 

tauro-cbolic 

983 

mines 

162 

acrylic 

750 

tauro-byocholic . 

985 

Air-pump 

13 

anisic . 

841 

tellurhydric 

2X5 

Air, ntinospherie 

147 

benzoic 

835 

telluric 

214 

Air-tlicrrnomcter 

21 

cinnamic . 

836 

'tellurous 

213 

Alanine . 

683, 895 

crotonic 

750 

tcrephthalic 

826 

Alblre . 

374 

cumic . 

836 

tetrachlorovalei ic 

686 

Albumin 

956 

formic 

745 

tetrathionic 

205 

test for 

969 

sali^lic 

838 

thiacetic 

681 

vegetable - 

996 

syc^eryllc . 

836 

thlonuric . 

937 

Albuminate . 

959 

toluic . 

836 

thiosulphuiic 

204 

Albumins, derived 

958 

Aldehyde-ammonia 747 

tliyniotic 

824 

Albuminous principles 955 

Aldehyde-resin 

, 746 

thymyl-carbonic 

824 

Albuminous substance, 

Aldehydes deilved from 

titanic 

449 

coagulated 

961 

monatomic alcohols 743 
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Aldeiitdes derived page 


from : 

diatomic alcohols 750 

aromatic alcohols 835 

Aldol ... 747 

Alembroth, sal- . 402 

Al^aroth, powder of 476 

Alizarin . . 777, !)50 

AlkiUi-albumin . 959 

Alkalimeter . . 336 

Alkalimetry . . 334 

Alkalis . . ' . 292 

Alkalis, action of, on 
organic bodies . 519 

Alkaline earths . 292 

reactions of 368 

Alkaloids . . 896 

Alkarjfcn . , 914 

Alkarsin . . 912 

Allaiitoln . 936 

Alloxan . . . 936 

Alloxantin . . 938 

Alloys ... 290 


AUyl alcohol and 

ethers . . 612 

Isosulphocyaiiale 868 
Allylene . . . 561 

Allyl-sulphocurbainidc 869 
Allyl-sulphuric acid 613 
Almonds, oil of bitter 835 


Aloes . . . 953 

Alums . . 372 

Alumina 371 

Aluminates" 372 

Aluminium and its 

compounds . 369 

Aluminium cthide 592 
Aluminium salts, reac- 
tions of . . 383 

Alum stone . . 373 

Ainalt?ain, anniioniacal 343 
Amalgams . . 409 

Amarine 836, 895 

Amber . . . 785 

Anjic acids 347, 541, 921 
Amides . 347,540,918 

Amidin . . . 652 

Amidobenzenc, . 880 

Amido^^en . 251, 347 


Amidoffen-bases . 871 

Amidotoluene . 884 

Amines . 348, 539, 871 

Amines derived from 
monatomic alcohols 871 
Ammellde . . 870 

Ammeline . . 870 

Ammonia . . 156 

Amnioniacal ain/llKara 347 
cobalt-comi)Ounds 467 
copper-compounds 399 
mcrcury-compoujids 400 
platiniiin-compouhds 423 
turpethuin . . 408 

Ammonias, compound 871 
Ammon io-m agnesi an 

phosphate 391, 976 

Ammonium * 158, 342 


Ammonium— cont. page | 

acetate 

674 

alum . 

373 

benzoate . 

812 

carbonates . 

345 

chloride 

344 

cyan ate 

860 

cyanide 

849 I 

ferrocyanide 

854 ' 

nitrate 

m 

oxalate 

720 

purjiuratc . 

940 

sulphate 

344 

sulphide 

346 

siiljdiocyanate . 

867 

tartrates 

733 

urate . . 031. 979 

Amortihous ph^^^pho- 
riis . . , 

222 

Amygdalin 

639 

Amyl acetate 

677 

Amyl alcohols and 
ethers 

599 

Amyl bases . 

879 

cyanide 

856 

Amyl oxide . 

602 

sulph-hydratf . 

602 

Amylainine . 

879 

Amyl-benzene 

770 

Amylene . 553, 

601 

hydrate 

603 

Amylcoe-ulcoliol . 

61 9 

Amylfiic-glycol 

609 

Amyl-glv cerin 

628 

Amyl-mercaptan . 

602 

Amyloid substance 

962 

Amyl-sulphuric acid 

602 

Amyl-toluene 

771 

Amyl-xylene . 

771 

Analcime 

375 

Analysis, ultimate, of 
organic bodies 

522 

Analysis of alkaline 
hydi ates and car- 
bonates . 

334 

Analytical method of 
chemical research 

132 

Anatasc . 

448 ! 

Aniline , 

880 

Aniline, substitution- 
products of 

882 

Aniline-blue . 

891 

Aniline-colours 

889 

Aniline-green 

891 

AmJine-purple 

889 

Aniline-ied . 

890 

AniJine-yelloiv 

892 

Ainline-violet 

891 

Animal fiuid.s 

970 

Animal heat . 

988 

body, components of 954 

Animal oil, bases from 893 

Anise oil 

842 

Anisic alcohol 

848 

Anisic Sldeliyde . 

841 

Anisidiiie 

793 

Auisol 

793 



PAGE 

Anisyl hydride 


841 

Anthracene . 


775 

Anthrnquinone 


777 

Ant inion ates . 


477 

Antimony 


475 

bases . 


910 

chlorides . 


475 

hydride 


476 

oxides 


476 

salts, reactions of 

479 

sulphides . 

. 

478 

and potassium 

tar 


tratc 

476, 730 

Apatite . 


365 

Apocodeine 


899 

Apomorphine 


898 

Appendix 


999 

Aqua regia . 


183 

Arabia . 


650 

Archil . 


946 

Arehimede.s' theorem 

6 

Argaiui lamp . 


174 

Argol 


575 

Arieiiie . 


902 

Aromatic acids 


810 

alcohols 


780 

aldehydes , 


835 

bases . 


880 

hydiocaibons 


755 

ketones 


843 

Arnigouite . 


365 

Arrow-poison of Cen- 


frai America 

. 

908 

Art ow-root . 


652 

Arsenates 


482 

Ars( ndiethyl 


911 

Arseiulimetljyl 

, 

912 

Arsenic . 


480 

buses , 


911 

cblorido 


481 

detect iou in organic 

mixtures 


485 

hydrhles . 


487 

oxides 


482 

reactions of 


484 

suJpiiides . 


483 

Arsenites 


482 

Arscnmethylimu 


916 

Arsemnonometliyl 

915 

Arsentrlethyl 


911 

Arsines . 

540, 911 

Artei ial blood 


970 

Artlads . 


243 

Asparagin 


929 

Aspartic acid 


929 

Asphalt . 


786 

Asphaltene . 


786 

Assam ar 


646 

Astatic needle 


101 

Atacamite 


397 

Atinolysis 


126 


Atmosphere, composi- 
tion and analysis of 141 
physical constitution 
of . . . 1: 

vapour of water in 4; 
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PAGE 

Atmospheric elcciil- 

city . . 05 

Atomic theory . 241 

Atomic weight, defini- 
tion of , 118, 232 

relation of, to crys- 
talline form . 237 

relation of, to specific 
heat . . 235 


relation of, to volume 238 
•Atomic weights, table 

• ' I /\o 


* of . . 

108 

Atomicity 

242 

Atoms . . 118, 

, iJ41 

combination of 


similar . 

245 

Atropine 

908 

Attenuation of wort 

604 

Attraction, clnunical 

253 

electrical . 

88 

magnetic . 

82 

Aiigitc . 

392 

Auric acid and oxide 

418 

Auiio and aurous 


compounds 

417 

Australenc or Austra- 


terebenthcnc . 

779 

Axes of crystals . 

278 

Axinite . 

375 

AzaleiTie 

899 

Azodiphcnyl-iliaminc 

882 

Azotised substances. 


analysis of 

527 

B. 


Balsams 

7S6 

Barilla . 

332 

JBarium and its com- 


pounds . 

357 

Barium ferrocyanide 

848 

Barium salts, rt‘ac- 


tions of . 

368 

Barley sugar . 

646 

Barometer . 

13 

Baryta . 

358 

Bases 

115 

from aldehydes . 

894 

amidogen- . 539, 

872 

of the amyl series 

879 

fiom animal oil . 

889 

antimony- . 

910 

aromatic 

880 

araenic- 

911 

froin coal-tar oil 

893 

obtained by destruc- 


tive distillation 

893 

of the ethyl series 

874 

Imidogen- . 539, 

872 


artificial, containing 
mercury . . 407 

diatomic, of the phos- 
pliorus and arsenic 
series . . 916 

of the methyl series 877 


Bases — conU page 

nitrile . 539, 872 

organic . . 871 

phosphorus- . 909 

Hasicit 3 f acids 307, 659 

Bassoriii . . 650 

Battery, constant . 271 

Bunsen's . . 273 

Crutksiiank's . 98 

DaniclVs . . 271 

Grove’s . . . 272 

Sniec’s . , 273 

Wollaston’s . 99 

Baiiine’s hydiometcr 999 
Hay salt . . -330 

Bebcci-ine . . 907 

Beer . . . 575 

Bees-wax . . 611 

Beet-root, sugar from 646 
Belt metal . . 400 

Bengal light . . 480 

Benzamidc . . 919 

Benzene or Benzol 757 
additive compounds 
of . . . 758 

homolognes of * 762 

subst itution-pro- 

ducisof . . 759 

Benzoates . , 812 

Bcnzoliellein . . 642 

Benzoic acid . . 810 

aldehyde , 835 

chloride . 812 

oxide . 813 

peroxide . 813 

Benzoin . . . 811 

Benzol . , . 757 

Benzoline . . 895 

Benzonc . . 843 

Benzonitrile . . 856 

Benzophenone . 843 

Beiizosalicin . . 642 

Ben zoy 1-compounds 812 
Benzyl alcohol . 790 

Bcnzylaminc . . 885 

Berheiine . . 907 

Bertliollet’s fulminat- 
ing silver . 3 p’>6 

Beryl . . . 375 

Bciyllia. . . 376 

Beiylliura . . 375 

Bessemer steel . 462 

Bctuorcin . . 949 

Beta-oi sellic acid . 949 

Bezoar stones . 985 

Bile ... 981 

Pettenkofer’s test 
for . . . 984 

Bile-pigments . 984 

Biliary calculi . 981 

Bilin ... 983 

Binary theory of salts 305 
Biscuit . . . 387 

Bismethyl . .* 916 

Bismuth . . 487 

Bismuthic acid . 489 


Bisulphide of carbon 208 



PAGE 

Bitter-almond oil . 

835 

Bitumen. 

786 

elastic 

787 

Bivalent elements 

243 

Blast fuinace 

469 

Black flux 

486 

Bleaching 

180 

Bleaching-powder 

365 

testing its value 

367 

salts P 

186 

Blende . 

093 

Blistcied steel 

462 

Blood . . * . 

• 973 

Blowpipe 

173 

Blue ink 

853 

sympathetic 

466 

Blue li^fht 

480 

Prussian- . 

852 

Turnbuirs- 

855 

Bohomian glass 

386 

Boilei s, deposits in 

364 

Boiling point 

36 

Bones 

989 

Borax 

341 

Borethyl . 688, 916 

Boric oxide and acid 

216 

Borneol . 

800 

Borneo camphor . 

800 

Boron . 

216 

chloride 

217 

fluoride 

217 

nitride ? 

217 

Bfmlangerite 

478 

Boyle’s law . 

16 

Brass 

400 

Braun it e 

471 

Biazil-wood . 

952 

Bread 

577 

Brewing 

576 

Britannia metal 

480 

British gum . 

654 

Biomaniline . 

883 

Broinanisal . 
Bromet h vl-triethy 1- 

842 

phosphoninm 
bromide . 

916 

Bromhydrins 

625 

Bromic acid . 

190 

Bromides, metallic^ 

297 

Bromine 

180 

action of, on organic 

bodies 

estimation of, in 

518 

organic bodies 

531 
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Hydrates . 137 

Hydrides of alcohol- 

radicals . . 650 

Hydi iodic acid . 191 

Hydrobenzamide . 836 

Hydrobromic acid . 190 

Hydrocaibons 535, 545, 755 

Hydrocarbons, picrates 
of . . . 796 

Hydrochloric acid . 181 

Hydrocyanic acid . 844 

Hydioferricyanic acid 855 
Hydiofcrrocyanic acid 853 
Hydrofluoric acid . 195 

Ily drofl iiosilicic acid 2 1 9 
Hydrogen . . 123 

untiinonide . 476 

arsenides . . 481 

bromide . . 190 

carbides . . 164 

chloride . . 181 

combination of, with 
oxygen . ,. 129 

cyanide . . 845 

dioxide . 145 

estimation of, In or- 
ganic bodies . 522 

ferricyanide . 855 

ferrocyanide . 853 

fluoride . . 195 

iodide . . . 191 

monoxide . . 132 

phosphides . . 225 

seleiiide . . 211 

sulphides . . 206 

telluiide . 215 

typlc . . . 659 

Hydrogen-sails . 115 

Hydroniellone . 871 

Hydrometer . . 10 

Hydrometer tables 999 
Hydroquinone . 802 

Ilydrosalicylamide 839 
Ilyflroselenlc acid . 211 

Ilydrosulphuric acid 206 
Hydrotliyinoquinone 808 
Hydrotoluquinone 805 
Hydroxyl . . 262 

Hygrometer, dew- 
point . . 4S 

Hyodyslysin . . 9813 

Hyoscyamine. . 908 

Hypochlorites . 185 

Hyponitrites , . 153 

Hypophospliiites . 223 

Hyposulphates . 205 

Hyposulphites . 2^4 

Hypoxantbine . 906 


PAGE 


Iceland moss . . 665 

Ignition . . . 169 

Imides . . . 921 

Imidogen-hases . 872 

incandescence . 168 

Inciustations in boilers 364 
Index of refraction 64 

Indian yellow . 952 

India rubber . . 783 

Indican . 644 

Indiglucin . . 644 

Indigo . . 843, 941 

Indin . . 944 

Indium . . 415 

Induction ' ul . lo t 

Induction electric . 90 

electromagnetic . 102 

magnetic . . 83 

magneto-electric 103 

Ink, label . . 785 

blue, .sympathetic 466 

Inosite . . . 637 

liiulin . . . 656 

Invert sugar . 637, 646 

Iodic acid . . 192 

Iodides, metallic . 298 

Iodine ... 190 

action of, on organic 
bodies . . 518 

and nitrogen . 193 

estimation of, in ei- 
ganic bodies . 531 

and oxygen . 192 

chlorides . . 194 

hxlohenzenes . 760 

Iodoform . . 624 

lodoinethane . . 668 

lodophcnols . . 795 

Iridium . . . 433 

ammoniac'il com- 
pounds of . 436 

salts, reactions of 436 

Iron . . . 453 

acetates . . 675 

benzoate . . 812 

carhoTiato . . 457 

chlorides . 455 

cyanides . . 849 

iodides . . 455 

manufacturi* . 4 *>9 

nitrates . . 457 

oxides . . 455 

phosphates . . 468 

salts, reactions of 458 

sulphates . . 457 

sulphides . 468 

Isathyde 944 

Isatln . . 943 

Isinglass . . 965 

Isoamyl alcohol . 599 

Isobutyl alcohol . 597 

Isobutyl carblnol . 699 

Isocyanates . . 862 

Isocyanides . . 857 



INDEX. 


1019 


PAGE 

TsodiUcite . . 632 

Isologous series . 635 

Isomeric bodies . 643 

Isomerism in the aro« 
matic group 760, 763 
Isomerism in the ole- 
fine series . 666 

liarafiln series . 660 

Isomorphism . 237, 284 

Isoprcne . . 783 

Isopropyl . . 661 

Isopropyl alcohol and 
ethers . . 591 

Isopi opyl-carhinol . 697 

Isooropyl - dimethyl 

carbinol . . 606 

I sopr(ipyl-inethy 1-car- 

hinol . 603 

fsos{llphocy^nate^> . 868 


J. 


Jade 

392 

Jet .... 

787 

Jew’s pitch 

787 

Juice, gast lie . 

981 

Juice, intestinal . 

985 


K, 

Kakodyl, see Cacodyl. 
Kalium . . . 316 

Kaolin . . 374, 387 

Kelp . . . 190 

Keratin . . 970 

Kermes, niineial , 478 

Ketones . 538, 751, 843 

Kino . . . 829 

Kreatin, see Creann. 
Kreatinliie, see Crea- 
tinine. 

K reasote, see Creasote. 
Kupfermckel . . 463 

Kyaii's method of pre- 
seiTing timber 402 


L. 

Lahurraque's disin- 


fecting fluid. 366 

Label ink . . 785 

Lac , . . 785 

Luetamide . 709, 921 

Tractates . . 71< 

Lactic acid . . 70' 

Lactic ethers . . 71' 

Lactlde ... 70S 

Lactin . . . 65C 

Lactone ... 70S 

Lactose . . . 65r 

Lakes . 371, 94 

Lamp, argand . 17 

Lampblack . . 16(1 

Lamp, gas- . . 175 


PAGE 


Lamp, safety. , 176 

spirit- ... 174 

without flame . 132 

-anthanum . . 381 

Lanthopine . . 900 

Lapis lazuli . . 342 

Lavdaccin . . 962 

atent heat of fusion 33 

vaporisation . 36 

Laudanine . , 900 

Laughing-gas . 153 

Lauinonite . . 875 

Laurene . . . 770 

Law of equivalents 229 
Law of even numbers 244 
Law of multiples 118, 229 
Laws of combination 
by volume . , 239 

.aws of combination 
by weight . 115, 229 

Lead . . . 449 

acetates . . 675 

alloys . . . 453 

carbonate . 451 

chloride . . 450 

oxides . . 460 

plaster . , 625 

red . . . 451 

salts, reactions of 453 
sugar of . . 675 

sul])hidc . . 449 

tree . . . 275 

vanadate . . 492 

white . .451 

Leaven . . ** 577 

Levanova parella . 946 

Leoanora tartarea . 946 

Lecanoric acid . 947 

Leguinin . . 996 

Lenses . . . 63 

Lepidolite . . 349 

Leucanillne . . 892 

Leucine , . 687, 895 

Leiicoline . . 89C 

Leucoiihane . . 37.” 

Levulose . . 636 

Leyden jar . . 94 

Lichens . 946 

Liebig’s bulbs 624 

Liebig’s condenser 4“ 

Light ... 6 

blue or Bengal . 48( 

cliemical rays of 78 

dispersion of . 6( 

reflection and re- 
fraction of . 63 

polarised . . 7r 

velocity of . 6 

Lightning rods 
Lignin . . . 654 

Lignite ... 78" 

Lime . . . 36; 

Lime, chloride . 36.' 

Limestone . , 364 

Liquefaction of gases 44 
<rf carbonic acid 46, 162 


Liquids, boiling points 
of . . . 86 

diffusion qf . 139 

expansion of , 23 • 

latent heat of . 35 

osmose of . . 141 

specific gravity of ^4 

specific volume of 241 

volatile organic, ana- 
lygs of . , 527 

Liquorice sugar . 640 

'.itiiarge . 450 

Athium . . « 349 

Atmus . . 946 

Liver of sulphur . 327 

Loadstone . . 82, 456 

Loai-siigar . . 645 

Logwood . . 952 

Lophine . . . 895 

Luminosity, conditions 
of . . .. 171 

Liipulin . . 576 

Lungs . . 991 

Lutidine . . , 894 

.yn)i>h . , 986 


M. 

Madder . . 950 

Magenta . . 890 

Magnesia . . 390 

Magnesia alba . 391 

Magnesium . . 388 

cari)onate . . 391 

chloride . . 389 

phosphates . . 391 

salts, reaction of 397 
silicates . . 391 

sulphate . . 390 

Magnetism . . 82 

Magiieio-electricily 113 
Magnus, green salt of 425 
Malachite . . 396 

Maiamic acid . . 929 

Malamlde . . 929 

Malamyl-nltrlle . 930 

Malates , . , 729 

Maleates . . 725 

Malleability of metals 288 

Malting . . . 576 

Maltose . . . 686 

Maiigaiiates . 473 

Manganese . . 469 

chlorides . 470 

fluorides . 471 

oxides 471 

salts, rcactious of 474 
Marsh’s test for ai senic 490 
Maflganite . . 472 

Manua sugar . 630 

Mannitan 631 

Mannite . 

Mannitoso . 637 

Manures. . . * 998 

Maple, sugar from 646 
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Marble . . . 364 

Marc-brandy fuscl-oil 664 
Margarin' . ^ . 692 

♦Mailotte'slaw . 16 

Marl ... 374 

Mars!\*s appaf atua . 487 

liiarsh gas . . 164 

Marsh mallow , 929 

Massicot . . 450 

Mastic . . . • 785 

Manve .* . . 889 

Mauveine . . 889 

Measure . 1004 

Meat ... 995 

Mechanical equivalent 
of heat . . 52 

Meconldine . . • 900 

Meer^haum . . 391 

Melam . . . .870 

Melamine . . 870 

Mel aniline . . 888 

Melene . . . 553 

M(*lozitose . 649 

Melitose . . 648 

Mellitc . . . 832 

Mellone . . . 871 

Mellonidcs . . 871 

Menibraiu'S, mucous 989 

MeinhiMnoiis tissue 989 
Mercaptan . , 588 

methyl- . . 570 

Mei curammonium 

salts . . 406 

Mercuric ethide . 591 

Mcrcuiy . . 400 i 

acetates . . 677 

cliloriilcs . . 401 

cyanide . . 849 

rxpanvsion of, by heat 23 
fulminate . . 863 

i<jdi(les . . 4(»3 

nitrates . . 405 

oxalate . . 720 

oxides . . 404 

sulphates . . 406 

sulphides . . 406 

salts, reactions of 408 

Mercury-C(»mpounds, 

aramoniacal . 406 

Meridian, magnetic 82 

Mesityl chloride . 754 

Mesltylene . 754, 768 

Mesotype . . 374 

Metacctonc, see Pro- 

pione . . 752 

Metaciimamenc . 771 


Metaha*moglobin . 962 

Metalbumln , . 961 

Metaldehyde . 747 

Metallaminoniums <348 

Metalloids . 107 

Metals ... 287 

chemical properties 
of . , . 290 

classification of . 291 

physical properties of 287 
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Metals, table of specific 

gi'avities of . 

288 

Metaxueric bodies . 

543 

Metapeettn . 

651 

Metaphosphates . 

311 

Metastannates « 

446 

Metastyrolene 

771 

Metaterebenthene 

779 

Motatungstates 

610 

Metavanadates 

492 

Meteorites 

454 

Methane 164, 535, 645 

Methene 

653 

Methenyl-ethers . 

623 

Methenyl-diphenyl* 


diamine . 

887 

Methide, aluminium 

571 

stannous . 

571 

zinc , 

571 

Methyl . 

550 

acetate 

677 

alcohol 

567 

bases , 

877 

boi ate 

570 

chloride 

568 

ether 

563 

formate 

671 

iodide 

568 

mercaptan 

570 

nitrate 

569 

oxalate 

722 

oxide 

568 

phenate 

793 

phosphates 

670 

salicylate . 

821 

silicates 

570 

sulpiiates . 

569 

siilphydrate 

570 

sulphide 

570 

tellurlde 

670 

Methylamine 

877 

Metliyl-anthracene 

777 

Methylated spirit . 

574 

Methyl-benzene . 

762 

Jfethyl-carbinol , 

571 

MethyRUethyl oar- 


binol 

606 


Met h y l-ethyl-amy 1- 

phenylammonium 884 
Methyl-cthyl-benzene 767 
Methyl-ethyl-carblnol 597 
Mcthyl-glycoclnc , 682 

Methyl-hexyl-carbinol 608 
Methyl-isobutyl-cnr- 


hlnol . . 606 

Methyl-isopropyl-car- 
binol . * . 603 

Methyl mercaptan 670 

Methyl-morphine 898 

Methyl-phenyl ketone 843 
Methyl-propyl carblnol 570 
Methyl-salicylol . 840 

Methyl-urea , . 628 

Mica ... 375 

Microcosmic salt . 340 

Milk . . 987 


FAGB 


Milk-sugar . . 650 

Minderems, spirit of 674 
Mineral chameleon 474 
Molasses . . 645 

Molecular actions . 253 

Molecules . 118, 242 

Molybdenite . . 612 
Molybdenum . 5X2 

Monoacetin . . 678 

Monads . . 243 

Monamides . . 918 

Monamincs . . 872 


Monobasic acids 307, 662, 
700, 703, 727, 810, 
820, 827 


Monogens . . 230 

Monosteann . . 694 

Mordants . . 941 

Morindin . . *953 

Molindone . . 953 

Moi^phine or Morphia 897 
Mortar . . . S62 

Mosaic gold . . 446 

Mucilage . . 650 

Mud II , . . 9''3 

Mucous membranes 983 
Mucus . . . 983 

Mulbeiry calculus 980 

Multiplier . 101 

Multiples, law of 118, 229 

Murexan , . 910 

Murexule . 940 

caffeine- . . 904 

Muriatic acid . 181 

Muscovado sugar . 645 

Must ... 575 

Mustard, oil of . 8b8 

Mycosc . . . 649 

Mycomelic acid . 932 

Myohin . . . 957 

Myricin . . . 6U 

Myiicyl alcohol . Gil 

Myristlca . . 690 

Myrosin . . 641 

N 

Naphtha . 547 

Naphthalene . 772 

Naphthalidhic . 886 

Narceine . . 900 

Narcogenino . 900 

Narcotine . . 899 

Nephelln . . 374 

Nervous substance 989 

Neurine , . 971 

Neutrality of salts 308 
Nickel . . 463 

Nicotine . . 907 

Niobium . . 497 

Nitranlline . . 883 

Nitranislde . . 842 

Nitranlsldlne . 793 

Nltranlsol . . 793 

Nitrates . 152 

Nitre , . . 321 
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Kltre, cubic . 

rAQB 

831 

sweet spirits of . 

S85 

Nitric acid 

150 

action • of, upon 
amylaceous and 
saccharine sub- 

stances . 

667 

Nitride of boron . 

217 

Nitrides, metalUc . 

156 

Nitrile-bases . 639, 872 

Nitriles . 

856 

Nitro-benzenes 

760 

Nitro-cumene 

767 

Nitro-cymcnc 

770 

Nitvoforin 

624 

Nitroglycerin 

626 

Nitrogen 

145 

chloride 

188 

compounds with 

oxygen 

149 

with hydrogen 

156 

with boron 

217 

dioxide 

154 

estimation in or- 

ganic bodies . 

527 

Iodide 

195 

monoxide . 

153 

pent oxide . 

150 

tetroxidc . 

155 

trioxide 

154 

Nitndactin 

650 

Nltro-naplitbalenes 

772 

Nitro-plienols 

795 

Nitro-i»rushidc8 

855 1 

Nitro-saccbaiose , 

647 

Nitro-salic> lol 

840 

Nltro-tbyimds 

799 

Nitnwtoiucnes 

765 

Nitrous acid . 

164 

ether . 

685 

oxide . 

154 

Nitro-xyleiies 

766 

Nomenclature 

115 

of alcohols . 

566 

of hydrocarbons 

535 

of salts 

116 

Nonane . 535, 548 

Nonenc 

653 

Nonyl alcobol 

609 

Nordlmuscu sulphuric 

acid 

201 

Notation, chemical 

118 

Nut-galls 

826 

Nutiitlon, animal . 

994 

Nutrition, vegetable 998 


o. 

Occlusion of gases 128 
Octaminonio-platinic 

compounds . 427 

Octane . . . 548 

Octeno or Octylcne 553 

glycol . . 615 

Octyl alcohols and 

ethers . • 607 


PAGE 1 

Octyl carbinol 609 

(Enanthlc ether . 

689 : 

CBnanthol or oenan- 

thyllc aldehyde 

743 

Oil gas 

169 

Oil of aniseed 

811 

of bergamot 

783 

of bitter almonds 

839 

of ciciita 

769 

of cinnamon 

784 

of copaiba . 

783 

of cubebs . 

783 

of cumin • . 

769 

of elemi 

783 

of garlic 

614 

of gaulthcria pro- 

cumhens 

783 

of juniper . . 

783 

of laurel 

783 

of lavender 

783 

of lemon . 

782 

of meadow-sweet ‘ 

838 

of mustard 

868 

of orange-flo’Wers 

783 

of orange-peel . 

783 

of ptj chotis 

75)9 

of rosemary 

783 

of rue . 769, 

784 

of siiiriea ulmaria 

838 

of thyme . 

783 

of turpentine 

778 

of vitriol 

201 

of wintergreen . 

784 

Oils, drv ing and non- 

drying . 

700 

volatile . 782, 

784 

Olefiant gas . 

165 

Oletmes 

662 

coinpoundh ot. 

* with halogens 

551 

Oleins 

700 

Olive oil 

700 

Opiaminone . 

739 

Opianinc 

900 

Opium . 

897 

Orange-floAvcr oil 

783 

Orange-peel oil 668, 78t> 

Orecin . 

806 

Orem . . 80.1 

S 948 

Organic acids 588, 650 

Organic bases . 87, 869 

chemistry, the 
chemistry of 
carbon com- 

pounds . 

516 

substances, action 
of heat on 
substances, classifi- 
cation of . 

substances, decom- 


position of 

516 

suiistanccs, elemeii- 


tary analysis 

of . . • . 

522 

substances, syn- 

thesis of . 

615 


Organo-metallic 
bodies 53S, 570, 590, m 
Orpfihent . ' * 488 

Orthophosphates . 311 

Ostnium . . 440 * 

Osmose of gases . 127 

of liquids . . 141 

Oxalates . . . ' 718 

Oxalic ethers . 721 

Oxamethanes 721, 923 

Oxame5hylanc 721, 923 

Oxamlc acid . 721, 923 

ether , . 721, 923 

Oxainide 521, 923 

Oxides ... 116 

alcoholic . . 537 

metallic . . 301 

Oxygen . . 110 

its action on organic 
compounds . 517 

‘xygen-eihers 537, 563 

of the glycols . 620 

of the polyglucosic 
alcohols . . 651 


•xvgen-salts 

11.5, 304 

•xy-hydrogen fl.ime 

and blowpi))e 

130 

safety jet . 

129, 177 

xyphenols . 

801 

zocerite 

549 

»zone . 

121, 245 


Palladium 

amraoniacal com- 
pounds of 
'aliiiitms 
'aim-oil 

.'ancrcatic fluUl 
Papaverine . 

Papyvin 
Paraban 
Paraconine . 
Paraevunogen 
Paraffin . 

Paraffins 
substitution-pro- 
ducts of . 
Paraglobin . 
Paraglobulin 
Paralactates . 
Paralbumin . 
Pavaldeliyde . 
Parumagnctic bodies 
Paraniide 
Paramorphine 
Paramylenc . 
Parana])htljalenc . 
Paranilioe 
Paidpcctin . 
Parapeptonc ' . 
Paraphosphates 
Parasacch arose 
Parchment paper . ^ 
Parmelia pavietina • 


428 


430 

691 

691 

9S6 

900 

657 

937 

908 

844 

649 

545 


549 

957 

957 

710 

063 

747 

185 

832 

900 

553 

777 

882 

651 

963 

312 

648 

657 

949 
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« PAGE PnosPHORua— ron^ page PoTAsaiuM — cont, page 

Parvollne . . 894 ‘ hydrido . . 225 ethlde. . . 501 

Paviin ... 639 Iodides . . 227 ferrlcyanldo . 854 

Pearl-ash , 824 selenides . . 228 ferrocyanldc . 850 

Pectin ... 651 specific volnme of 246 formate . ♦ 671 

•Pentads. . 248 sulphides . . 228 hydrate . 320 

P6ntethyl-ethene<^l-^ Photography . . 79 iodide . . . 818 

ammonium !o<Ude 887 Phycite ... 628 manganate . 473 

Aiptdn ... 964 PlooHne ... 894 mellonides . . 871 

Peptones . . 962 Plcrates ... 796 nitrate . 321 

Perchlorates . . 188 Plcro-erythiin 947 ‘ oxalate . . 719 

Periodates . .a 198 PInacone . 754 oxides . 819 

Percussion-caps . 864 Finite ... 629 perchlorate 323 

Perissads . . 244 Pipeline. ^ 907 peimangonate . 473 

Permafiganates . 473 Pitchblende . . 505 prusslates . 850, 864 

Peroxide of chlorine 186 Pitch, mineral . 787 sulphates . . 825 

Persulphide of hydro- Plants, supply of car- sulphides . . 826 

gen ... 208 bon to. . . 992 snlphocyaiiate . 866 

Peni balsam . . ^ 786 Plaster of Paris . 368 tartrates . 732 

Peruvin . . 800 Plate glass . . 88.5 tetroxide . . 319 

Pctalite . . 349, 374 Platinum . . 420 urate . . 857 

Pettenkofer’s bilc-te.st 984 ainiuouiacal com- Potnssium-ethide . 691 

Petroleum . . 648 pimndsof 423 Potassium-salts, reac- 

Petuntze . 387 chlorides . . 422 tlons of . . 328 

Pewter . . . 480 oxide.s . . 428 Potassoxyl . . 252 

Phnseomannite . 6il7 salts, reactions of 428 Potato-ail . 599 

Phenamylol . . 793 sulphides . . 423 Precipitate, red . 404 

Phenates , 793 surtace-action of 131 Precipitate, white . 407 

Phcnetol . . 793 Platinum-black . 421 lYehnitc . . 37-5 

Phenol . . 792 Plumbago . . 159 Pressure of the atiuo- 

Phenols . . 788 Plumbethyl . 59-3 sphere . . 12 

diatomic , 801 Plumbic compounds Pressure, influence of, 

monatomic 792 Pneumatic trough . 112 on chemical action 250 

triatomlc . . 809 Polarity, chemical , 271 Prism, Nichors . 75 

xylyllc . , 798 dian.agnetlc . 88 Prisms, refraction 

Phenyl . . . 774 electric . . 90 through 65 

Phenyl alcohol . 792 magnetic , . 83 Proof spirit . . 571 

buses . . 880 Polarisation of light 73 Pro[)anc . . 535, 54s 

chloride 759 circuhir . . 75 Propenc . . . 553 

cyanide . 856 Poles, electric . 90, 269 Propene alcohol, or 

hydrate . . 792 Piilybasic acids . 307 glycol . . 015 

Phcnylaminc . . 880 Poly ethonic alcohols 021 Pi opcnyl alcohol . 021 

Phcnyl-dibenzamlde 920 Polygenic elements 230 Proplnc . . 501 

Phenylene . . 771 Polyglucosic alcohols 644 I’ropionc . . 752 

Phenylene-diamine 887 oxygen-ethers of 651 Proportions. inuUlpL 

Plienyl-melanillne 888 Polyglyecrins . 627 118, 229 

Philosophy, chemical 229 Polymeric bodies . 544 Propyl . . 551, 593 

Phloretln . 641 Populin . . . (542 Propyl alcohol . 591 

Phlorl/in . . 641 Porcelain . . 386 Propylamine . . 879 

Phloroglucin . 809 Poiiiliyroxine 900 Propyl-benzene . 767 

Plilorol ... 798 Por])hyry . , 374 Propyl earbinol . 590 

Phoronc . . 838 Potash . . 320 Propyl-dimethyl car- 

Phosgene gas . ’ 104 cnidc . . . 324 bind . . 600 

Phosphates . , 310 i otash-bullis . . 524 Propylene, or Pro- 

Phosphide of calcium 373 Potossio-ferrous feiTi- jiene . 553 

Phosphine . . 225 cyanide . . 8.53 Propyl - methyl car- 

Phosphlnes . 540, 909 ferrocyanldc . 853 binol . . 003 

Phosphoretted hydro- Potussium 816 Propyl - methyl - ben- 

gen . . . 225 acetates . . 674 zene . . 709 

Phosphoric acid 224, 310 alum , . . 372 I'ropyl-phycite . 629 

Phosphorus . . 221 hromlde . 319 Propyl-toluene . 771 

amorphous . . *222 carbonates . 324 Protagon . . 971 

-bases ... 909 chlorate . . 323 <Proteid, coagulated 961 

bromides . . 227 chloride . . 817 Proteids, animal . 955 

chlorides . . 226 chromaf^s . 503 vegetable , . , 995 

estimation of, in or- cyanate . . 859 Protein . . . 959 

ganic compounds 531 cyanide . . 847 Prussian blue . 853 
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Pi'U88!ato (►£ potasl), 
red ... 854 

yidlow . " 860 

Prussic acid . 844 

PscudocuHiene . 768 

Pseudo-crythrln . 947 

Pseudo-morphine . 900 

Ptyalln ... 977 

Puddlinf? . . 460 

Purple of Cassius • 418 

Purpurate of ammonia 940 
•Furpurin . 951 

Purree . . 952 

Purrenone . 962 

Pus , . . 986 

Putrefaction . 618 


Quintenyl alcohol 

PAGE 

628 

Quintine 

661 

Quinton e 

561 

Quiutyl alcohols 

and 

ethers 

599 

R. 

Racemates 

. 736 


Radicals, compound 261 
Rangoon tsr . . 647 

Realgar . . . 483 

Red fire . . . 360 

Red lead . . 451 

Red oxide of man- 


Pyin 


986 

Pyrene . 


777 

Pyridine 


894 

Pyrites . 


458 

Pyroacetic spirit, 

see 


Acetone . 


753 

Pyrobenzoline 


895 

Pyrocatcchin . 


803 

Pyroehlore 


497 

Pyrogallol 


809 

Pyrolusitc 


471 

Pyrometer 


21 

Pyrophorus of Horn- 


berg 


373 

Pyrophospliatcs 

. 

312 

Pyroxylin 


657 

I*yiTol . 


894 


Q- 

(Quadrivalent elements 243 
(Quart a ne 635, 646, 548 

IQiiartene . 635, 563 

(Quartone-glyeol . 616 j 

(Quartine . . 661 

(Quartyl . . . 635 t 

(Juartyl alcohols and ' 
ethers . . 596 

(Quartz . . . 218 

(Quatuordecane . 648 

Quercetin . 641 

(Quercite . 630 

(Quercitrln 641 

(Quercitron hai k . 962 

Quicksilver . . 400 

Quina . . 900 

Qnindecano . 648 

(Quinhydrone . 802 

(Quinieine , . 902 

Qulnidinc . 901 

Quinine . . 900 

(Quinine, amorpJious 902 
Quinoldme . . 902 

(Quinone . . 802 

Quinquivalent ele- 
ments . 243 

Quintan e . 635, 548 

Quintene 535, 668, 601 
Quintene glycol . 616 


ganese . . 472 

Reducing agents, ac- 
tion of, on organic 
bodies . . 620 

Refining of pig-iron 460 

Rcfiection of light 63 
Refraction, double, of 
light . . 63 

Reinsch's test for 

arsenic . . 487 

Rennet . . , 987 

Residues . . 261 

Resins . . . 785 

Resin of Ficus riibu 
gwosa . . 791 

Resorcin . . 804 

Respiration . 114, 991 

lletene , . . 777 

Reverberatory furnace 171 


Rhodium 

431 

Roccolla tinctorta . 

946 

Koccellinin 

94<) 

Iloohelle salt . 

733 

Rock-oil . 

548 

Rock-salt 

330 

Roman alum . 

373 

Romeine 

477 

Rosaniline 

890 

Roseine . 

890 

Rue, oil of 

749 

Kubia tinctonmi 

950 

Rubiaein 

961 

Rubiacic acid 

951 

Rubiun . 

951 

Rubidine 

894 

Rubidium 

350 

Rubidium alum 

37J1 

Ruby . 

371 

Rust 

. 464 

Ruthenium . 

431 

-salts, reactions 

of 431 

Rutile 

44« 

Rutylene 

66 


S. 

Saccharlmoter 
Saccharose . . 64- 

Safety lamp • . i7( 


?afety-tttbe . 

P4GE 

183 

Safflower 

951 

Saffron . 

952 

Sago 

655 

^al-alcmbroth 

402 • 

Sal-ammoniac 

344 

8alep 

655 

Salicin . 

641 

Salicylic acid . 

820 

aldehyde . 

838 

etherak} 

821 

Sallcylites 

839 

Salieylol 

641, 838 

Salicylous acid 

. o 836 

Saligenin 

642, 804 

Sallretln 

642, 804 

Saliva . 

987 

SalsoIoK soda . 

332 

alt, common 

330 . 

definition of 

116, 304 

of soiTel 

719 

Salt-cake process 

332 

Salts, acid 

307 

ba.sic . 

308 

binary theory of 305 

constitution of 

116, 304 

double 

307 

nomal or neutral 307 

solubility of 

138 

Saltpetre 

321 

Samarskite 

497 

^andarac 

785 

■Saponification 

625, 694 

Sapphire 

371 

Sarcolactates . 

710 

Sarcine . 

905 

larcosine 

682, 907 

^cagliola 
Schcele’s green 

363 

484 

Sea-water, composi- 

tion of 

137 

Secondary butyl alco- 

hoi . 

597 


liexyl alcohol . (»06 

oetyl alcohol . 6i)8 

propyl alcohol . 494 

electrolytic decom- 
position . 265 

Seggars ... 387 

Seignette . . 733 

Selenethyl . , 590 

Selenetted hydrogen 212 
Selenlc acid . . 212 

Selenides, metallic 315 

Seleniocyanates . 869 

Selenious acid . 212 

Selenite . . . 363 

Selenium . . 211 

Scnarmontlte . 476 

Septiviglntenc . 553 

Serie <; homologous 

and isologous 534, 535 
Serpentine . . 392 

Sei-um albumin 956 

Serum of blood . ^ 974 

Sexdccene . . ’ 553 
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Sexdecyl alcohol , dlO- hyposolphite . 389 Steam, latent heat of 35 

Sextine . . , 361 iodide . , , 830 Stearic ethers . 604 

Sexvalent elesmeota 94S nitrate . 831 Stearin ... 694 

Shale . . . ’ 8T4 oxidea . * 880 Stearopteno ... 78« 

Shellac . « . 786 phoei^ates . 840 Steatite ... 892 

Silica . . . S18 ahlphatea . . 889 Steel ... 461 

Silicated hydroji^en 220 aulphldcs . 842 Stereochromy . 386 

Silicatea of altuni- tartrates . . 784 Stibines . . 010 

nlum . . 874 thiosulphate . 840 Sticklac . . 785 

Silicates of magne- nrato , . .931 Stilbene . . 775 

siura . ^ . 891 Solanine . . 643 Stilbite . . " 875 

Silicic acid . . 218 Solar spectrum . 66 Stoneware . . 88S 

Silicic ethers . 570, 588 Solder . . . 4.58 Storax .... 78B 

Silicftungstates . 508 Soleil's saccbarimeter 76 Strontium and Its com- 

SUiciuin or Silicon 217 Solids, expansion of 22 pounds . . 359 

chloride . . 220 specific gi*avity of 7 Strontium salts, icac- 

liuoride . . 219 specific volume of 241 tions of . . 368 

hydride . 220 Solubility of salts . 138 Strychnine . . 903 

oxide . . 218 Soranjeo . . 952 Stypbnic acid . 953 

Silver . . . 351 Sorbin . . . 638 Styr.icin . . 819 

acetate . 677 Sorrel, salt of . 719 Styrol or stj rolene 771 

benzoati* , . 812 Spar, calcareou.s . 364 Styronc . , . 800 

carbonate . . 356 Sparteine . . 907 Stvryl ulcoind . 800 

chloride . . 353 Spathose iron ore . 457 Subliinaic, corrosive 401 

cyunate . . 860 Specific ffra\itiea of ; Sublimation . 39, 746 

cyanide . . 849 gases . . 48 Sui)stltution 116, 230, 242 

feiTocyanide . 854 of metals . . 288 Snceinamiile . . 922 

fiuoiide . . 854 of solids and liquids 3 Succinates . . 724 

fulminate . . 862 of vapours . 48 Sugar . . . 045 

hyposulpliate . 355 heat ... 28 action of dilute acids 

iodide . . 354 heat and atomic xipon . , 646 

nitrate . 3.55 weight of ole- action of alkalis 

oxides . . 354 menta, relations upon . . 646 

sulphate . . 353 between . . 235 -candy . . 645 

sulphide . . ;»56 Speculum metal . 400 Sugar, cnppiu* test for 

thiosulphate 355 Spectioscopc , . 67 tiie varieties of 635 

Silvei-alum . . 373 Spectrum . . 66 Sugar from diahetes (|.{4 

SUvcr-salis, reactions Spectrum-analyhis 68 from starcii or dex- 

of . . . 356 Speiss . . . 463 trin . . 634 

Silver-standat d of Spermaceti . . 610 offiuits . 634,645 

England. . 356 Spirit, commercial 574 fiom irgot of rye 649 

Sinainine . 869 methylated . 574 of lead . , 

•Sinapoline . . 869 Spirit of Mindcrcrus 674 ot milk . , 650 ' ’ 

Size . . , 967 Spirit-lamp , , 174 Sugar, inverted 636, 646 

Skin , , . 989 Spirits, table of Sugar-forming fer- 

Slatc . . . 374 spec. gr. of 1002, 1003 meut in saliva 981 

Smalt . . . 469 Spodumene , 349, 374 Sugars, action of, on 

Smee’s battery . 273 Spongin . . 970 polarised light 634 

Soap . , . 694 Springs . . , 137 Sulplnimic acid . 347 

Soap-stone . . 392 Stannates, metallic 446 SulphauisoUc acid 793 

Soda . . . 330 Stannethyls . . 692 Sulphantlmonates . 478 

Soda-ash process . 332 Stannic and stannous SulphantiJiionites . 478 

Soda-ash, testing it.s compounds . 443 Sulpharsenat(‘s . 484 

value . . 334 Stannic cthide . 593 Sulpharsenitcs . 483 

Sodium . . . 328 Stannoso-stannic Sulphates . . 203 

acetate . . 674 ethide . . 592 Sulphione , . 305 

bicarbonate . 373 Stannous etbide . 592 Sulphlsathyde . 944 

bisulphate , 339 Stannous and stannic Sulphites . . 200 

borates . . 340 methidc . . 571 Sulpho-scids . 741, 834 

bromide . . 330 Starch . . . 652 Sulphohenzide . 834 

caibonate.^. 831 State, change of, by Sulphocarbonic 

chlondc , 330 heat , . 32 ethers . . 713 

cyanide . . 833 Steam, pressuie of, at Snlphocyanates, mc- 

ctliide . . 591 different tempera- tallic . . 866 

ferrocyanidc . 838 tures . . 37 Sulphocyanic ethers 867 

hydrate , , 330 specific gravity of 136 Sulpliomolybdates 513 
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Sulpliophosphates . 

228 

Teliurous acid 

214 

Toluylene 

77 

i^ulphotungatatcfi . 

511 

Ten-carbon phenols 

798 

Toluylic alcohol 

790 

Sulphovinates 

586 

Tension of vapours 

40 

Tonka bean . 

841 

Sulphur . 

196 

Terebenthene 

779 

Trachyte 

374 

allotropic modihca* 


Terpenes 

778 

Transpiration of gases 128 

tions of . 

197 

Terpentin-hydrate 

781 

Travertin 

365 

auratnm 

478 

Terpin . 

781 

Trehalose 

649 

and cai bon 

208 

Terpin-hydrate 

T80 

Triacetin 

676 

bromides 

211 

Terpinol 

781 

Triads . 

243 

chlorides 

210 

Tertiary amyl alcohol 

604 

IViamides . 

918 

estimation of, in or- 


butyl alcohol 

598 

Triamines • . 

887 

\ ganic bodies . 

531 

hexyl alcohol . 

606 

Trlamylamine 

879 

iodides 

211 

Tetrachloroqulnone 


Tiiatoroic alcohols and 

S 22 

oxides and oxygen- 


Tetrads . 

243 

ethers 

acids 

198 

Tetrahedrite . 

478 

Triatomic pheuols 

809 

Sulphur-acids and 


Tetramethyl-ammo- 


Trihaslc acids 307, 730, 737 

bases 

316 

niura hydrate 

878 

Trichlor^iline 

884 

Sulphuretted hydrogen 206 

Tetramethyl-benzcne 

768 

Tiicbloroqulnone . 

802 

Sul pli uric acid 

201 

Tetraramonlo-platlnic 


Trichlorophenol 

794 

ctficrs . .060, 586 

compounds 

426 

Tridecane 

548 

Sulpluivous acid . 

199 

Tetrammonio-platin- 


Tidethcne alcohol . 

622 

ethers . 

686 

ous compounds 

426 

Triethene-triamine 

887 

Sulpimr-suUs 

315 

Tetramylammonlum 


Tiiethylamine 

876 

Supci fusion or Sur- 


liydrate . 

879 

Triethylarsine 

911 

fusion 

33 

Tetrath ionic acid . 

205 

Triethylbisrauthi ne 

916 

Surface action of pla- 


Tetrethylammonium 


Tidethylcarblnol . 

607 

tinum, charcoal. 


liydrate . 

876 

'rriethyl-diethene-di- 


t^c. . 131, 

160 

Tetrethyl-ethcnc-di- 


ammoniuin iodide 

887 

Sweat 

980 

animf)nium iodide 887 

Ti-iethylphosphine 

909 

Sycocerylic alcohol 

791 

Thallium and its com- 


Triethylrosaniline 

891 

Sylvie acid . 

785 

pounds . 

410 

Triethylstibine 

910 

Symbols, chemical 108, 118 

'rhallium salts, reac- 

1 

Triethyl-sulphurous 


Synaptase 

640 

tions of . 

414 

compounds . 

589 

Synthesis of organic 


Thebame 

900 

Trigiiitene 

553 

bodies 

515 

Theine . 

904 

Tiiglucosic alcohol 

644 

Synthetical method of 


Theobromine 

904 

Trimercurodiamine 

407 

chemical research 

133 

Thermo-clectrical phe- 


Trimethylainine . 

878 

Syntonin . 

9r'* 

nomena 

105 

lYi m et hy l-bcn zeiie 

767 

Systems of crystals 

278 

Therinometer 

19 1 

iiiinethylcarbinol . 

.598 



differential 

21 1 

TrimethylphospUine 

909 



Tluirmomultiplier . 

106 1 

Tiinitraiiisol . 

793 

i . 


Thialdine 

895 1 

1 Trill itrocelluloae 

658 

Talbot vpc i)rocess 

79 

Tluosinamine 

869 

Triuitvophenol 

795 

Talc ' . 

.391 

Thoriiui 

.378 

Tnphcnylamlne . 

884 

Tannates 

830 

Thorinum 

378 

Triplienylcitramide 

930 

I’annins . 

S29 

Thorite . 

378 

Triphe nylrosanili nc 

891 

Tantalito 

495 

Tlmjin . 

643 

Triphyline 

349 

'Vantalum 

495 

1 hymoliydroquinone 

808 

Tristearin 

694 

Tapioca . 

655 

Thymol . 

799 

'lYithionic acid 

205 

%Tar of coal 765, 777, 792 

Tljyinoquinoiic 

808 

Trivalent elements 

243 

Tar, mineral 

787 

^Tn 

.443 

lYona 

334 

Tar of wood 

807 

alloys . 

447 

Tube-atmolysei 

120 

Tartar . 

731 

chlorides 

444 

Tungsten 

.)08 

cream of 

732 

fluorides 

444 

l^irkey red 

951 

emetic 

476 

oxides 

445 

Tumeric 

952 

'I'artaric acid . 

731 

sulphides . 

446 

'rurnbuH’s blue 

855 

Tartaric ethers 

734 

Tin-salts, reactions of 

447 

Turpentine . 

778 

Tartrates, metallic 

732 

Tincal . 

341 

hydrated oil ot . 

780 

'i’aurine . 

586 

Tinned plate . 

447 

oil of . 

778 

'Pceth . 

990 

Tissue, membranous 

989 

TuiTpitli Tuvbcth ini- 

Tclluj-ethyl . 

590 

ligneous . 

656 

neral , 

408 

'I'cllurhydric acid , 

215 

'ritanium 

447 

Twadilell s hydromc 


Telluric acid . 

214 

Tolene . 

, 786 

ter . 

1000 

Telluridcs 

315 

Tolu balsam 

786 

1 Type, ammonia, 348. 

, 539 

Tellurium 

213 

Toluene 

762 

1 

872 

TeJJuivmethyl 

570 

ToluidiJie 

884 

i Type, hydrochloric acid 295 


3 T 
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Type, inavsh-gas, 534, 565. 

662, 874, 


Type -metal . 

479 

Type-water . 302, 662 

Typic hydrogen 

659 

Tyrosine 

967 

U. 


Ulmin . 

647 

lUtimatc analc^sis 

of 

organic bodies 

522 

Ultramarine . 

342 

UKdecauc 

548 

Uiamile 

938 

Uranates 

507 

Uranite . 

505 

Uranium ® . 

605 

Uramum-salts, re- 


actions of 

508 

Uranutantalito 

497 

Uiates . 

931 

Urea 

925 

Uretham* 

925 

Ureth> lane 

925 

Uric acid 

930 

products from 

932 

Urinary calculi 

979 

Urine . 

975 

Usnea barbata 

948 

Usnic acid 

948 


V alentinitc . 

476 

Valerian, oil of 

784 

Valeric or valeiianic 


acid 

685 

Valeric ethers 

686 

Valeronitiilc , 

856 

Valery lene 

558 

Valylene 

561 

Vanadium 

489 

Vaporisation, latent 


heal of . 

35 
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Venous blood 

973 

Veratiine or Veratria 

903 

Veratrol 

807 

Verdigris 

676 

Verdher 

398 

Vermilion 

406 

Vinous feimentatlon 

574 

Vinyl alcohol 

611 

Violantin 

939 

Vitellin . 

958 

Vitriol, blue . 

398 

green . 

457 

oil of . 

203 

wliite . 

393 

Volatile oils in general 784 

isomeric with oil 


of turpentine . 

782 

Volatility of metals 

290 

Volume, combination by 239 

specific 

240 

Voltaic battery 98,268 

Voltainetcr 

267 

Vulci,mte 

783 

W. 


Wash, distillci's 

677 

nVater . 

132 

analysis of . 

133 

distilled 

136 

expansion of, b> heat 23 

hardness of 

364 


of crystallisation 137 
Diaxiiimii* density of 25 
not an electrolyte 266 
oxygenated . 145 

solvent propciiics of 138 
synthesis of . 134 

tension of vapour oJ 41 
-type . . 302, 662 

sea-analysis of . 137 

Water-vapoui, compo- 
sition oti hy volume 136 
Wax . . 611,695 

lossil . . . 549 


I’Ar.r 

Wire-drawing 289 

Withente . 359 

Wolfram 508 

Wollaston’s Battery 99 

Wood-spuit . *. 567 

Woody tissue 656 

Wootz . 462 

Wort . . 576 

Wulfenite . M2 

X. 

Xanthamide . . 714 

Xanthamy lanilde 7 1 5 

Xanihic acid and ci liei s 7 14 
Xanthic oxide . 980 

Xanthine . , 905, 98(» 

Xaiithoihamnin . 643 

Xylene . . . 765 

Xylenol . . 798 

1 Xylidine . 765, 885 

Xyloldm . . 657 

Xylyl alcohol . 790 

Xylylamines . 885 

Xylylic phenols 798 

Y 

Yeast . . . 577 

I Yellow dyes . 95: 

Yttria . . 382 

Yttrium . . . 382 

Yttro-ihnenite 497 

Yttro-tantilite . 495 


/ 

Zaffre .469 

Zeolites , .374 

Zinc . 392 

alloys . . . 374 

amalgamated 269 

carbonate . 393 

cliloride . 39-* 

cyanide . 849 


Vapour 01 watn*, ten- Weight, specific 3 

sion of . 37, 41, 1001 Weights and measures 994 
Vapour-densities, ano- comparison of Fiencli 

malous . . 240 and English 1006, 1006 

Vapours, determination Weights, atomic 118, 232 


of the density of 48 table of . . 108 

maximum density of 41 WeWing . 454 

theoretical density of 240 Whey . . 650 

tension of . . 40 White lead . . 461 

Varec . . . 332 White of egg . . 956 


Variolaria 946 Will and Varontrapp's 

Varvicite . . 473 method of estimat- 

Vegetable nutiition 998 ing nitrogen . 528 

Vcgeto-alkalis . 896 Wine . . 674 

Venice turi>entine 786 clarifying of 969 


lactate 710 

oxide . . 3J13 

sulphate . 393 

sulphide . . 393 

-amyl . . 602 

-ethyl or zinc et hide 590 
-methyl or zinc 

metbide . . 571 

zincoxyl 252 

zinc-salts, reactions of 394 
Zinkenite . 478 

Zircon , . 376 

Zirconia . 

Ziiconium . 373 

-salts, reactions oi 386 
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